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L — HoMOSTBUSj   ASMTJSS,   OOMPARBD  WITH    CoCCOSTSUS,   AgASBIzV 

By  Dr.  E.  H.  Traquaik,  F.R.S.,  P.G.S. 
(PLATE  I.) 

THE  creature  which  forms  the  subject  of  the  present  communica- 
tion is  the  same  as  that  which  was  described  as  Asierolepis  by 
Hugh  Miller  in  his  "Footprints  of  the  Creator,"  and  consequently  its 
remains  are  at  present  better  known  to  British  geologists  and 
palaBontologifits  under  that  name.  Why,  then,  alter  a  name  which 
we  have  used  so  long  ?  is  a  question  likely  to  be  asked  by  those  who 
have  not  critically  studied  the  complicated  mesh  in  which  the 
synonymy  of  the  name  "  Asierolepis  "  is  entangled. 

The  genus  Aaterolepia  was  proposed  by  Eichwald  in  1840 '  for 
fragmentary  remains  of  the  exoskeleton  of  a  vertebrate  organism, 
from  the  Kussian  Devonian  rocks,  allied  to  Pterichthys,  Ag.  To 
these  remains  Agassiz  also  applied  the  name  Chelonichihys^  which  he 
subsequently  withdrew  in  favour  of  Asterohpis  as  having  priority ; 
and  with  them  he  also  identified  generically  certain  large  bones  and 
plates  from  the  Lower  Old  Red  of  Dorpat,  some  of  which  were  first 
figured  by  Kutorga'  as  "Trionya?"  and  **  IchthyosauroideSf*'  and  of 
which  a  considerable  number,  collected  by  Asmuss,  were  reproduced 
in  plaster  and  copies  sent  to  Agassiz.  A  number  of  these  casts  were 
figured  by  Agassiz,'  as  of  bones  of  "  Aster olepis,**  some  of  which  are 
generically  identical  with  the  creature  of  whose  bones  and  cranial 
buckler  many  fine  specimens  from  Thurso,  largely  collected  by 
Bobert  Dick,  came  into  the  possession  of  Hugh  Miller.  And  thus 
it  was  that  these  remains  came  to  be  figured  by  Hugh  Miller  as 
belonging  to  Asterolepis^  although  they  had  no  afiSnity  to  the 
creature  to  which  Eichwald  originally  gave  that  name,  their  identi- 
fication with  which  being  entirely  due  to  a  mistake  of  Agassiz, 
misled  as  he  was  by  their  mere  external  sculpture,  consisting  of 
small  tubercles  with  stellate  bases. 

For,  that  "  Asterolepin  "  cannot  be  applied  to  any  of  the  remains 
from  Dorpat  represented  by  these  casts,  is  unconsciously  shown  by 

^  Die   Tbier-  irnd   Pflanzenreste  den  alter  rothen  Sandsteins  nnd  Bergkalks  in 
Nowgorodschen  Gouvernement,**  Bull.  Acad.  Imp.  St.  Petersburg,  tome  tIi.  p.  78. 
*  Beitrage  zur  Geognosie  nnd  Palaeontologie  Dorpats,  1835-37. 
'  Poifls.  Fo88.  du  Tieux  Gr^  rouge,  tab.  zxxii. 
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Agassiz  bimself,  isasmijoH  as  he  figured  as  **  Asterolepis  omato,"  Eicli- 
wald,  a  nuchal  or  .pnodian  oocipital  plate  of  unmistakeable  Pterich- 
thyan  character,|  tipiparently  quite  unaware  of  the  significance  of  its 
shape.  Neverth'itiiMis  Agassiz  in  some  controversial  remarks  on  the 
subject  insistjed.that  his  Chelonichihys  {^^  ABterolepis)  had  nothing 
to  do  with  JPijkrichthys  I  * 

Now,  iu'lSoG,  Asmuss  published  a  thesis'  in  which  he  minutely 
described. /tliae  Dorpat  fossil  bones,  including  the  subjects  of  the 
aforesaid  casts,  and  made  out  of  them  two  genera,  Homosieus  and 
Eeieroiteus,  with  many  species.  In  the  former  of  these  two,  namely 
HbrnoBfetiSf  Hugh  Miller^s  fish,  the  so-called  '*  Asterolepis  of  Strom- 

.?3^fii,"  is  clearly  to  be  recognized. 

'".Upon  these  facts  Pander  insists  in  his  " Placodermen,"  and  not 
*•.'  '.•only  did  he  propose  to  replace  "  Asterolepis  "  by  HomoBietu  in  the 
; //.  case  of  Hugh  Miller's  fish,  but  believing  Asterolepis,  Eichw.,  to  be 
altogether  identical  with  PterichthySf  Agassiz,  as   the  name  is  un- 
doubtedly prior,  he  proceeded  to  cancel  the  latter  name  altogether. 

Naturally  Pander's  views  excited  opposition  in  this  country, 
where  the  names  brought  into  use  by  Agassiz  and  Hugh  Miller  had 
become  classic  through  the  writings  of  these  distinguished  men. 
Sir  Philip  Egerton,  who  does  not  seem  to  me  to  have  thoroughly 
understood  the  situation,  fiercely  combated  the  proposals  of  Pander 
in  the  following  words :  '*  Having  read  both  sides  of  the  question 
with  great  care,  my  own  impression  is  that  Prof.  Eichwald  may 
perhaps  have  included  in  his  genus  Asterolepis  some  fragments 
which  he  subsequently  ascertained  (through  the  more  perfect  Scotch 
specimens  sent  to  Bussia  by  Dr.  Hamel)  to  belong  to  the  genus 
Pterichihys  of  Agassiz,  and  hence  discarding  the  majority,  namely, 
Asterolepis  proper,  assigns  this  name  to  the  minority,  to  the  ex- 
clusion of  the  Agassizian  name.  In  the  mean  time  Prof.  Agassiz, 
then  engaged  upon  his  *  Poissons  FosBiles  du  vieux  Gres  Houge,' 
received  through  Prof.  Brown,  from  Eichwald  himself,  specimens  of 
his  Asterolepis,  which  had  no  reference  to  Pterichihys,  but  were 
identical  with  the  genus  Chelonichihys  established  upon  specimens 
brought  over  from  Bussia  by  Sir  Boderick  Murchison,  and  of  which 
other  specimens  were  found  in  the  Orkney  beds.  On  making  this 
discovery  he  at  once  relinquished  his  own  name,  Chelonichihys,  and 
adopted  Asterolepis  of  Eichwald.  If  now  it  is  sought  to  supersede 
Pterichihys  of  Agassiz  by  Asterolepis  of  Eichwald,  it  is  surely  just 
that  the  terra  Chelonichihys  should  be  retained  for  Eichwald's  reject- 
amenta,  rather  than  Homosieus  of  Asmuss,  a  name  of  much  later  date 
than  that  of  Agassiz."  * 

But  whatever  the  specimens  from  the  Orkney  beds  may  have  been, 
if  any  one  will  only  compare  Agassiz's  own  figure  of  Asterolepis 
omata,  Eichwald  ('^Old  Bed,"  tab.  30,  fig.  5),  with  the  plate  No.  10 
in  Pander's  restoration  of  the  same  species  (**Placodermen,"  tab.  6, 

^  Op»  eit.  tab.  xxx.  figs.  5,  6. 

*  Op.  eit.  appendix,  p.  162. 

s  Das  voUkommenste  Hautskelet  der  bisher  bekannten  Thierreiche,  Dorpat,  1856. 

*  Quart  Joum.  Geol.  Soc.  vol.  xvi.  1859,  p.  122. 
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fig.  1),  he  will  see  that  this  specimen  at  least,  far  from  having  ''no 
reference  to  Pterichthys,**  is  the  median  occipital  plate  of  a  very 
closely  allied  form  indeed.  Without  injustice  to  the  memory  of  Sir 
Philip  Egerton,  to  whom  palsBichthyological  science  is  indehted  for 
BO  much  valuable  work,  it  is  clear  that  he  had  not  sufficiently  gone 
into  this  qaestion  at  least,  as  the  fact  above  noted  was  dwelt  upon 
by  Pander  himself  (op.  ciL  p.  16). 

On  the  Continent,  however,  the  name  Homosteus,  Asm.,  has  been 
adopted  for  Hugh  Miller's  fish,  and  reasons  have  also  been  found 
for  maintaining  Ft^richthys  and  Asterolepis  as  distinct  genera,  in  a 
Bapposed  difference  in  the  articulation  of  the  arms.  In  the  previous 
Tolume  of  this  Magazink  ^  I  have  shown  that  this  supposed  diagnostic 
mark  is  untenable,  at  the  same  time  that  I  have  sought  to  establish 
another  on  the  mode  of  articulation  of  the  anterior  median  dorsal 
plate. 

But  Agassiz's  work,  in  which  he  classified  "  Asterolepis "  among 
his  **  Coslacanthi,"  a  group  generally  eqaal  to  the  Cycliferous  Orosso- 
pterygii  of  more  recent  times,  was  the  means  of  drawing  Hugh 
Miller  into  mistakes  of  much  greater  importance  than  mere  nomen- 
clature. Accordingly,  as  Pander  pointed  out.  Miller  attributed  to 
his  Asterolepis  "the  teeth  of  Dendrodus  and  the  scales  of  Glypto- 
lepis,*'  and  made  a  very  formidable  creature  out  of  it,  ten  to  thirteen 
feet  in  length ;  indeed,  referring  one  of  the  large  Russian  plates 
{Heterostetis,  Asmuss)  to  the  same  genas,  he  calculated  a  length  of 
eighteen  to  twenty- three  feet  for  the  entire  fish.  And  his  non- 
recognition  of  the  true  affinities  of  the  creature  led  also  to  other 
mistakes  in  the  identification  of  bones,  to  which  allusion  will  be 
made  in  due  course. 

By  Asmuss  Hornostevs  and  Meterosteus  were  placed  in  a  family  by 
themselves,  Cheloniehlhyda,  in  a  somewhat  heterogeneous  group  of 
"  Ganoidea  loricata,"  the  other  families  herein  included  being  Spatu- 
larida,  Acipenserida,  Coccofteida,  Pterichthyda,  and  Cephalaspida. 
As  regards  ffomosteus,  though,  as  Pander  remarks,  it  is  wonderful 
how,  without  knowledge  of  Hugh  Miller's  drawings  or  description, 
he  was  able  to  fit  together  the  isolated  plates  at  his  disposed,  yet, 
unacquainted  with  the  orbits,  he  supposed  the  cuirass  to  belong  ex- 
clusively to  the  body,  and  also  entirely  reversed  its  position  on  the 
animal. 

Pander,  however,  classified  Somosteus  in  McCoy's  group  of 
Placodermata  and  rightly  gave  it  a  place  immediately  after  Coc- 
eo«(«tt«,  interpreting  as  its  median  dorsal  plate  the  one  considered  by 
Hugh  Miller  to  be  a  ''hyoid,"  and  supposed  by  him  to  occupy  a 
place  between  the  rami  of  the  jaws.  This  supposed  hyoid  plate 
was  known  to  Hugh  Miller  only  in  an  isolated  form,  but  it  fell  to 
the  lot  of  the  late  Mr.  John  Miller,  of  Thurso,  to  record  a  specimen 
in  which  it  occurred  in  its  natural  position  on  the  back  behind  the 
head,  and  so  with  absolute  certainly  to  confirm  Pander's  view  of  the 
case.     Mr.  John  Miller's  collection  having  some  years  ago  passed 

'  Notes  on  the  Nomenclatare  of  the  Fishes  of  the  Old  Bed  Sandstone,  Geol. 
Mao.  Dec.  Ill-  Vol.  V.  1888,  p.  608. 
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into  the  possession  of  the  Museum  of  Soienoe  and  Art,  Edinburgh, 
I  propose  to  make  this,  the  most  perfect  speoiroen  of  HomozteuM 
which  has  ever  been  found,  the  text  of  the  following  remarks  on 
the  genus. 

Along  with  HomoBietu  it  may,  however,  be  as  well  to  re-examine 
the  structure  of  Coecosteut  itself  as  a  basis  of  comparison. 

The  reading  of  the  cranial  buckler  of  Coeeo9ietu  is  much  com- 

{>licated  by  the  fact  that  certain  superficial  grooves  belonging  to  the 
ateral-line  system  are  very  conspicuous  and  apt  to  be  mistaken  for 
sutures,  while  the  true  sutures  are  visible  with  difficulty,  and  can 
only  be  made  out  in  exceptionally  well-preserved  examples.  They 
seem,  indeed,  to  have  almost  entirely  epcaped  the  observation  of 
Agassiz,  as  the  lines  on  the  head  indicated  on  his  restoration  of 
CoccosieuB  (<<01d  Red/*  tab.  6,  fig.  4)  belong  almost  without 
exception  to  the  lateral-line  system.  The  figures  given  by  Hugh 
Miller  (Quart.  Joum.  Geol.  boc.  1869,  p.  129,  and  "Foo^rints," 
1st  ed.  fig.  11),  in  which  he  attempts  to  reduce  the  plates  of  the 
cephalic  shield  of  Coccosteus  to  the  same  plan  as  that  of  the  bones 
of  the  top  of  the  head  in  the  Cod,  are  much  better,  inasmuch  as 
many  of  the  true  sutures  are  given  ;  but  it  is  also  too  plain  that  he 
also  looked  upon  the  superficial  grooves  as  indicating  the  real 
boundaries  of  the  plates  which  he  considered  as  the  homologues  of 
the  cranial  roof-bones  in  osseous  fishes.  Pander's  interpretation, 
although  his  figures  give  both  sets  of  lines  on  the  upper  surface 
with  considerable  though  not  perfect  accuracy,  is  correct  only  as 
regards  the  hinder  part  of  the  buckler,  his  reading  of  the  anterior 
half  being  hopelessly  wrong,  and  consequently  his  elaborate  com- 
parison with  the  arrangement  in  Aaterolepis  falls  to  the  ground. 
By  far  the  most  correct  restoration  of  the  cranial  shield  of  Coccostem 
is  that  of  Huxley,'  in  which  he  omits  the  superficial  grooves  alto- 
gether, and  in  which  the  only  faults  I  can  find  are  of  omission,  viz. 
the  non-recognition  of  the  median  sut4ire  between  the  two  central 
plates  which  he  letters  as  *'  frontal,"  and  of  the  pair  of  preraaxillary 
bones  on  each  side  of  that  median  bone  in  front,  to  which  he  applies 
the  name  **  premaxilla." 

In  PL  I.  Fig.  2  I  have  given  a  sketch  of  the  head  of  CoceoBteus 
decipien$,  Ag.,  the  superficial  grooves  being  given  in  dotted,  the 
sutures  in  continuous  lines,  and  as  regards  the  names  I  have  applied 
to  the  bony  plates,  I  have  thought  it  best  to  use  as  few  as  possible 
which  might  lead  the  reader  to  infer  that  I  considered  them  the 
morphological  equivalents  of  the  cranial  bones  of  ordinary  fishes. 

Posteriorly  we  have  the  trapezoidal  median  occipital  plate  (m.  o.), 
flanked  on  each  side  by  the  triangular  external  occipital  {e.  o.).  In 
front  of  these  are  the  two  central  plates  (c),  external  to  which  and 
forming  the  antero-external  margin  of  the  buckler  are  three  plates, 
marginal  (wi.),  post-orhital  {pt  o.),  and  pre-orbital  {p.  o.),  the  two 
latter  forming  the  upper  margin  of  the  orbit  llie  two  pre-orbitals 
come  together  in  the  middle  line  posteriorly  only  for  a  very  short 
distance,  in  front  of  which  they  are  separated   by  a  narrow  oval 

*  Dec.  Geol.  Survey,  x.  p.  30. 
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space  open  anteriorly,  and  in  tbis  space  is  lodged,  first  a  small 
elliptical  plate,  the  posterior  ethmoidal  (jf,  e.)  and  the  median  limb 
or  stalk  of  tbe  anterior  ethmoidal  (a.  e.).  Tbis  latter  bone,  the  "pre- 
maxilla"  of  Huxley,  is  like  a  nail-bead  with  a  broken  off  stalk 
attached,  tbe  head  forming  the  anterior  point  of  the  buckler,  tbe 
stalk  passing  back  between  the  pre-orbitals.  On  each  side  of  it  in 
front  are  tbe  small  nasal  openings  (n.),  each  being  bounded  externally 
by  a  small  separate  bone,  tbe  premaxilla  (p.  mx.).  The  orbit  is 
bounded  below  by  the  "  paddle-shaped  "  bone  (mx.  Fig.,  8)  repre- 
senting the  maxilla,  which  has  a  sort  of  resemblance  to  that  in 
PaliBoniseus,  and  to  tbe  posterior  extremity  of  which  is  appended  a 
small  triangular  plate  (/),  the  fugal  or  post- maxillary. 

Turning  now  to  Jlomosteus,  we  shall  find  that  Hugh  Miller's 
comparison  of  its  cranial  plates  with  those  of  Coccosteus  is  not  so 
far  amiss,  of  course,  taking  into  account  tbe  faults  of  his  reading  of 
the  buckler  of  the  latter  genus.  In  Fig.  1  I  have  sketched  the 
configuration  of  tbe  specimen  of  Somosieus,  referred  to  by  John 
Miller  as  having  the  dorsal  plate  in  situ.  Much  of  tbe  bony  sub- 
stance having  splintered  off  from  the  **  specimen  "  itself,  I  have  bad 
a  plaster  impression  taken  from  the  ''counterpart,"  which  con- 
sequently reproduces  the  details  of  tbe  original  in  a  very  much 
more  perfect  manner,  and  from  this  model  the  drawing  has  been 
taken.  And  I  may  add  that  every  detail  of  the  buckler  here  given  is 
corroborated  by  another  splendid  specimen,  also  from  the  collection 
of  John  Miller,  in  which,  however,  tbe  dorsal  plate  has  got  dis- 
placed to  one  side. 

We  find  a  wonderful  correspondence  in  the  arrangement  of  the 
bony  plates,  the  differences  appearing  almost  entirely  due  to  the 
altered  position  of  the  eyes,  and  tbe  assumption  by  the  cranial  shield 
of  an  antero-posteriorly  elongated,  instead  of  a  broadly  hexagonal 
figure. 

Tbe  median  occipital  (tn.  o.),  preserving  its  trapezoidal  shape,  has 
become  much  elongated,  as  have  also  the  external  occipital$  {e.  o.), 
while  the  centrals  (e.)  have  become  much  smaller  in  proportion,  and 
have  come  to  take  part  in  the  inner  boundary  of  tlie  orbit,  more, 
however,  on  the  upper  than  on  tbe  under  aspect ;  they  are  also  in 
contact  in  front  with  the  posterior  ethmoidal  {pt.  e.),  tbe  binder 
angle  of  which  is  inserted  in  a  notch  between  their  anterior  ex- 
tremities. The  marginal  (m.),  also  much  elongated,  is  easily 
recognized ;  but  it  is  now  alongside  of,  instead  of  in  front  of,  the 
external  occipital,  and  tbe  post-orbital  {pt.  o.)  and  pre-orbital  (p.  o.) 
have  altered  their  relation  to  tbe  orbit  in  a  strange  fashion. 
Separating  internally,  so  as  to  allow  the  central  to  come  into  the 
boundary  of  that  opening,  they  have  thrown  out  processes  which 
unite  externally,  and  so  in  Jlomosteus  the  orbits  come  to  be  entirely 
euclosed  within  the  buckler,  instead  of  being  outside  it,  as  in 
Coccosteus.  The  last  plate  to  be  noticed  is  tbe  anterior  ethmoidal 
(a.  «.),  which  occupies  a  position  at  tbe  front  of  the  snout  exactly 
as  in  Coccosteus,  but  no  trace  is  seen  either  of  the  small  pre-* 
maxillary,  or  of  the  nasal  openings  of  that  genus. 
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The  lateral-line  Bystem  of  grooves  is  sparingly  developed  on  the 
cranial  shield  of  MomosteuB.  On  each  side  the  lateral  groove  passes 
along  the  external  occipital  and  the  marginal  on  to  the  post-orbital, 
where  it  divides  into  two  branches,  one  of  which  passes  outwards 
and  forwards  to  the  margin  of  the  shield,  while  the  other  passes 
backwards  and  inwards  to  be  lost  near  the  middle  of  the  central 
plate.  K  we  compare  this  arrangement  with  that  in  Coccostens 
(Fig.  2),  we  shall  see  that  the  plan  is  quite  the  same,  although  the 
extent  of  the  groove-system  is  considerably  diminished. 

The  facial  bones  of  Homosteus  are  extremely  difficult  of  determi- 
nation, and  I  must  frankly  confess  that  I  have  come  to  no  certain 
conclusions  regarding  them.  In  the  specimen  represented  in  PL  I. 
Fig.  1  are  three  detached  bones,  a,  b,  and  o,  on  each  side  of  the 
anterior  part  of  the  cranium,  by  which  b  and  o  are  also  partly  con- 
cealed, while  on  the  right  side  the  bone  a  is  seen  only  in  longi- 
tudinal section,  having  stood  on  edge  to  the  bedding  of  the  rock. 
When  those  bones  are  seen  in  connection  with  examples  of  the 
buckler,  they  alway  occur  in  the  same  order,  and  isolated  specimens 
of  all  of  them  are  also  in  the  collection  of  the  Edinburgh  Museum. 

The  bone  a  is  broadest  behind  the  middle,  narrowest  at  each  end, 
especially  the  anterior  one.  In  the  specimen  here  figui*ed  it  is  seen 
from  the  internal  aspect,  having  apparently  got  turned  over;  but 
other  specimens  show  that  on  the  external  ctspect  near  the  middle 
it  had  a  patch  of  the  usual  tuberculation,  with  a  short  lateral-line 
system  groove.  This  bone  is  figured  by  Hugh  Miller  as  *' lateral 
cerebral  plate,"  but  as  many  specimens  in  the  collection  show  that 
its  position  was  immediately  below  the  edge  of  the  an tero- lateral 
portion  of  the  buckler  external  to  the  orbit,  the  groove  on  its  surface 
being  a  continuation  of  the  transverse  branch  on  the  post-orbital, 
it  is  clearly  the  homologue  of  the  paddle-shaped  bone  or  maxilla  in 
Coccosteus  (Fig.  3).  If  this  be  the  case  then,  we  may  assume  that 
the  bone  b,  following  and  parallel  to  it,  is  the  mandible ;  but  no 
traces  of  teeth  can  be  found  on  either,  or,  indeed,  on  any  bone 
which  it  is  safe  to  refer  to  Homosteus.  Like  the  Sturgeon  it  must 
have  been  edentulous. 

The  bone  o  is  figured  by  Hugh  Miller  (Footprints,  fig.  45a)  as 
a  clavical  (here  he  meant  what  we  now  call  post-clavicle) ;  but,  of 
course,  such  an  interpretation  founded  on  its  superficial  resemblance 
to  the  post-clavical  of  a  modern  Teleostean  is  here  negatived  by  its 
position.  Hugh  Miller  noticed  the  tuberculation  of  the  outer  side 
of  one  of  its  extremities,  but  in  accordance  with  his  theory  of  its 
position  in  the  animal,  he  assumed  this  tuberculated  portion  to  be  its 
''  head,"  or  anterior  extremity.  The  present  specimen  shows,  how- 
ever, that  this  extremity  was  posterior. 

The  last  and  crowning  point  of  interest  in  the  specimen  repre- 
sented in  PL  I.  Fig.  I,  is  the  exhibition  of  the  dorsal  cuirass  tn 
tihu  Five  plates  are  here  seen,  one  median  and  two  lateral, 
corresponding  exactly  to  plates  occupying  a  similar  position  in 
OoeeosUuB. 

The  central  dorsal  plate  (m.  d.)  is  so  well  known  as  Hugh  Miller's 


Dr.  JR.  S.  Traquait^^Somo%tem  and  Coccosteui  compared.    7 

snpposed  "hyoid,**  that  it  requires  no  further  description,  beyond 
the  remark  that  its  resemblance  to  that  of  CoccosteuSt  except  in  its 
short  broad  shape  and  the  want  of  the  posterior  elongated  peak, 
most  be  evident  at  the  first  glance.  It  is  here  shown  in  position,  its 
broad  margin  being  directed  forwards,  and  lying  parallel  to  the 
posterior  margin  of  the  cranium,  from  which  it  is  here  separated 
by  a  narrow  gap,  its  obtuse  point  being  free  and  posterior.  Its 
lateral  margins  overlap  on  each  side  two  other  bones,  of  which  the 
anterior  one  (a.  d.  L)  was  figured  by  Hugh  Miller  as  "  non-descript 
latero-hyoidal  plate,"  he  being  well  aware  of  its  relation  to  the 
median  bone,  though,  in  accordance  with  his  theory  of  the  latter, 
he  reversed  its  position.  Its  relation  to  the  skull  was,  however, 
correctly  represented  by  Pander  (**  Placodermen,*'  tab.  8,  fig.  2a.). 
It  consists  of  two  parts,  one  flattened  above,  and  applied  anteriorly 
to  the  outer  part  of  the  posterior  margin  of  the  skull,  by  which  as 
well  as  by  the  median  plate  it  is  overlapped,  and  another,  narrower, 
forming  a  right  angle  to  the  flattened  portion  and  running  forwards 
a  little  way  along  the  posterior  part  of  the  outer  margin  of  the 
cranial  buckler ;  in  the  angle  between  the  two  parts  is  a  socket  for 
articulation  with  a  corresponding  projection  of  the  postero- external 
angle  of  the  external  occipital.  Naturally  Hugh  Miller  found  him- 
self at  a  loss  to  account  for  the  presence  of  this  socket  Different 
as  the  two  bones  are  in  shape,  it  is  impossible  not  to  recognize  in 
ibis  bone  the  homologue  of  the  anterior  dorso-laieral  in  Coccosteus 
(Fig.  3),  though  here  the  socket  and  peg  have  changed  their  positions 
on  the  bones  concerned. 

Behind  this  anterior  dorso-lateral  there  exists  in  the  specimen 
figured  in  PL  I.  Fig.  I,  another  and  much  smaller  plate  (p.  d.  l.) 
on  each  side,  which  has  not  previously  been  noticed.  It  needs  no 
reasoning  to  perceive  at  once  that  this  is  the  posterior  dorso-lateral 
of  Coccosteus  {p.  d,  I.,  Fig.  3). 

It  is  curious  that  no  undoubted  remains  of  a  ventral  body-carapace 
like  that  of  Coccosteus  have  occurred  in  connection  with  Homostens  ; 
but,  at  the  same  time,  I  might  mention  that  the  plate  (Footprints, 
^^,  37)  designated  "  palatal  plate  "  by  Hugh  Miller,  looks  to  me  as 
if  it  might  well  be  the  anterior  median  ventral,  so  far  as  its  shape 
is  concerned,  though  its  great  size  may  be  considered  as  somewhat 
against  the  supposition.  At  all  events  there  is  no  evidence  for 
referring  it  to  the  palate. 

There  are  also  several  other  bones  figured  by  Hugh  Miller  and 
contained  in  the  Edinburgh  Museum,  which  from  the  way  in  which 
tbey  occur,  associated  with  other  undoubted  remains  of  Homosteus, 
dearly  belong  to  the  same  fish,  but  whose  position  in  the  body  I 
cannot  speculate  upon,  lliese  are  the  **  operculum "  (Footprints, 
5tb  edition,  fig.  39),  the  very  curious  bone  (ib.  fig.  43)  spoken  of  by 
Hugh  Miller,  as  '*  shoulder  (t'.e.  coracoid  ?)  plate " ;  his  so-called 
'* dermal  bones"  {ib.  fig.  44).  What  the  bones  c  and  e  in  fig.  46 
of  the  "  Footprints  "  are  I  am  also  unable  to  determine. 

But  a  number  of  the  other  remains  figured  in  the  "Footprints" 
as  **A»terolejn$"  belong    not    to  Momoateus,  but    to   Glyptole^s 
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paueidens,  Ag.  ap.  These  are  the  soales  (figs.  26  and  27),  the 
mandibles  (figs.  32,  38,  and  36),  the  seodons  of  teeth  (figs.  34  and 
35) ;  the  bone  d  (fig.  46),  which  I  look  upon  as  the  lower  end  of 
the  clavicle;  and  the  interspinous  piece  (fig.  48),  which  Hugh 
Miller  figured  as  the  '*  ischium  of  AtterolepiB,**  The  latter  is  indeed 
a  very  curious  bone,  and  it  is  not  at  all  remarkable  that  the  author 
of  the  ''  Footprints "  should  have  sought  to  identify  it  with  the 
basal  bone  of  a  ventral  fin  constructed  in  teleostean  fashion. 
Knowing  that  such  a  pelvic  fin-element  could  hardly  have  existed 
in  either  Homosieus  or  Olyptolepig,  the  bone  was  long  a  puzzle  to 
me,  until  one  day  I  observed  a  very  similar  bone  supporting  the 
distal  set  of  interspinous  bones  of  the  second  dorsal  fin  in  a 
specimen  of  Qlyptolepis  leptopterus,  also  in  the  Hugh  Miller  Col- 
lection. A  similar  bone  supporting  three  smaller  interspinous 
elements  was  described  and  figured  by  Sir  Philip  Egerton  in  Trta/i- 
chopterus.^ 

As  regards  the  species  of  SomosUvis,  which  has  been  under  con- 
sideration, no  specific  name  was  given  to  it  by  Hugh  Miller.  By 
Morris'  it  was  catalogued  as  the  **  Asterolepis  Asmusii^*  of  Agassiz, 
but  I  know  not  on  what  ground.  Certainly  I  can  find  no  resem- 
blance between  the  sculpture  of  the  surface  of  the  plates  of  A. 
Asmusiiy  as  given  in  Agassiz*s  figures,  and  that  which  characterizes 
the  present  fish  in  which  the  tubercles  are  small,  sharply  defined, 
with  prominently  stellate  bases,  and  for  the  most  part  closely  placed. 
Nor  can  it  be  identified  with  the  species  of  Homosieus  described  by 
Asmuss  from  Dorpat,  and  so  I  would  propose  that  for  the  future 
it  be  known  as  Homosieus  Milleri, 

EXPLANATION  OP  PLATE  L 

(In  all  the  figures  the  same  letters  refer  to  the  same  things.) 

m,  0.  median  occipital,  e,  o,  external  occipital'  m.  marginal,  e.  centraL  pt.  o, 
post-orbital,  p,  o  pre-orbital.  pt,  e,  posterior  ethmoidal  a.  e.  anterior 
ethmoidal,  p,  mx.  premaxillary.  n.  UHsal  opening,  m.  d,  median  dorsal. 
a.  d,  L  anterior  dorso-lateral  p,  d,  I,  posterior  dorso-lateral.  a.  /.  anterior 
lateral  p,  I,  posterior  lateral  «.  /.  interlateral.  a.  v,  I.  anterior  Tentro- 
lateral  p.  v,  I.  posterior  ventro-lateral  m.  v,  posterior  median  yentral. 
A,  B,  C,  three  facial  plates  lying  below  the  margin,  anteriorly  of  the  cranial 
shield  of  Homo»teu», 

Fio.  1.  Sketch  of  a  specimen  of  Romoitewi  Milleri^  Traq.,  in  the  John  Miller  Col- 
lection, Musenm  of  Science  and  Art,  Edinburgh. 

Fio.  2.  Restoration  of  the  top  of  the  head  in  Coecoateut  deeipiensj  Ag.  The  dotted 
lines  indicate  the  distribution  of  the  grooves  of  the  lateral-line  system. 

Fig.  3.  Sketch  of  a  specimen  of  Coeeosteua  minor,  H.  Miller,  from  Thurso,  the 
yertebral  column  omitted.     Hugh  Miller  Collection. 
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By  Professor  T.  McKenny  Huohxs,  M.A.,  F.G.8. 

UNTIL  quite  lately  no  fossils  had  been  found  in  the  Lower 
Cambrian  of  Bethesda.  Indeed  we  had  almost  given  up  the 
hope  of  obtaining  any  evidence  of  the  life  of  the  period  represented 
by  them,  because  of  the  great  alteration  in  the  character  of  the  rook 
resulting  from  the  severe  mechanical  action  to  which  it  had  been 

Deo.  QeoJ.  Sunr^,  vol.  x.  p.  52,  plat^  5.      *  Catalogue  British  Fossils,  p.  318. 
""^  l?lite  I.  in  Fig.  2,  loip,e,  lesui  pt.e.    In  Fig.  3,  for  e,n,  read  e,o. 


Prtff.  ffughe* — Lower  Cambrian,  Bethnda,  N.  Walei.        9 

inbjeoted.  The  annonnoenient  that  Mr.  Robert  Lloyd  hod  disoovered 
foasils  Id  the  appennost  alate  beds  of  the  Penrhyn  Quarries  waa 
tberefora  received  with  great  interest,  which  was  increHMd  wbea  it 
was  fouad  that  some  of  these  were  in  a  suffioiently  perfect  state  for 
determination,  and  that  they  were  referred  by  Dr.  Woodward'  t« 
■  new  species  of  a  well-known  Lower  Cambrian  genus  of  Trilobite. 

I  have  since  found  fragments  of  another  smaller  speoies  in  the 
ume  beds  not  far  below  tbe  Bronllwyd  grit. 

The  zeal  of  Mr.  Robert  Lloyd,  to  whom  I  am  indebted  for  muolt 
valuable  information,  especially  with  reference  to  the  suhdivisioaa 
uid  measurements  of  the  Fenrhyn  Slates,  baa  recently  been  rewarded 
by  the  discovery  of  traces  of  fossils  in  the  part  of  the  quarry  known 
M  Sebastopol,  some  1200  feet  lower  in  the  quarry  than  tbs 
CoHoeoryphe  eiola  zone. 

Unfortunately  these  specimens  also  are  too  obsoare  for  determina- 
tion, lliey  appear  to  be  the  oasts  of  the  oarapaoe  of  a  IVilobile  filled 
with  radiating  mineral  matter,  and  are  of  somewhat  tbe  same  siae 
and  ontline  aa  those  of  Conocoryphe  viola. 

I  have  thought  it  might  be  of  interest  to  offer  a  few  uotes  on  the 
toclts  aeen  in  a  traverse  from  a  point  a  little  west  of  Bethesda  across 
the  Peurhyn  Quarries  over  Moel  Perfedd  to  CwmbuBl  on  the  south, 
with  a  view  to  fixing  (he  position  of  the  only  fossil  zones  yet  known 
b  that  area,  and  pointing  out  tbe  localities  where  it  seems  most 
probable  that  foasiU  may  yet  be  found.  Tbe  aocouipanying  diagram 
GectioD  will  faoililate  reference  : — 


Fia.  T.— Diigram  Section  N.N.W.  and  B.S.E.  from  St.  Add'i  Chapel  to  HmI 
Perfedd.  Length  o[  Section  2^  miles.  The  cleavage  in  neailj  vertical  N.N.E, 
and  S.S.W. 

■  Indicate!  hohioni  at  which  foiuli  hsTe  been  found. 

A.  Tbe  slates  south  of  Moel  Perfedd  are  dark  grey  irregularly 
cleaved  lumpy  sandy  beds  whioh  at  one  place  dip  at  an  angle  of 
ibout  40°  to  the  north,  that  is,  towards  the  felspathio  rock. 

B.  This  felspathio  rock  behaves  as  an  intrusive  mass.  It  is  not 
seen  down  the  hill  side  to  the  bottom  of  the  valley. 

C.  Ulack  and  grey  slaty  rock  fills  up  the  interval  between  Moel 
Perfedd  and  Camedd  Filiast.     In  this  C'wm  Graianog  bos  its  origin. 

D.  The  grit  of  Camedd  Filiast  is  inclined  at  a  high  angle  and 
nms  down  the  north  side  of  Cwm  Graianog  protruding  in  rough 
l>0Mea  near  Tainewyddion.  Here  it  ia  split  up  by  finer  beds  upon 
lbs  face  of  which  Cruziana  lemipUcala  is  abundant. 

>  Qnait.  JoDTb.  Oeel.  8oe.  toI.  ilir.  pp.  T4-T8,  pi.  ».  IftBa. 
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In  the  talus  under  the  oliff  above  Tainewyddion  I  found  sevAral 
specimens  of  Lingvlella  Davini  in  a  grey  or  yellow  flag  similar  to 
that  which  occurs  subordinate  to  the  Gamedd  Filiast  grit  We 
are  here  evidently  in  the  Middle  Lingula  Flags,  which  is  repre- 
sented chiefly  by  massive  coarse  grit.  When  we  wander  south  into 
the  district  west  of  Arenig,  there  are  still  beds  of  strong  grit  at 
this  horizon,  but  they  are  thin  and  quite  subordinate  to  the  flags  and 
slates.  The  shore  line  was  further  north,  and  therefore  in  that 
direction  we  may  expect  to  find  the  rocks  of  this  age  either  repre- 
sented entirely  by  shore  deposits  or  overlapped  against  the  rising 
ground  by  the  newer  part  of  the  series. 

Below  the  Filiast  grit  we  should  searoh  for  Lower  Lingula  and 
Menevian,  and  we  shall  see  that  there  are  black  slates  about  that 
horizon  from  which  as  yet  no  fossils  have  been  recorded. 

E,  Between  Carnedd  Filiast  and  Bronllwyd  there  is  a  depression 
which,  further  east,  forms  the  head  of  Cwm  Ceunant.  This  hollow  is 
due  to  the  occurrence  here  of  a  soft  pale  grey  and  white  irregularly 
cleaved  sandy  slate.  It  seems  to  be  in  the  line  of  the  softer  rock 
which  runs  through  the  gap  between  Elidrfawr  and  the  rocky  hill 
which  rises  from  Marchlyn  Bach  on  the  west  These  slaty  beds 
pass  up  into  the  sandstone  and  grit  of  Gamedd  Filiast  and  down 
into  the  grit  of  Bronllwyd.  A  soft  black  slate  is  seen  in  this 
division  above  Pengareg ;  any  part  of  this  series  might  be  expected 
to  yield  fossils  and  it  is  here  we  should  search  for  Lower  Lingula 
Flags  and  Menevian. 

F,  The  grit  of  Bronllwyd,  which  comes  next  in  descending  order, 
and  rests  immediately  upon  the  Penrhyn  slate,  consists  chiefly  of  a 
quartz  grit  and  conglomerate,  containing  fragments,  generally  about 
the  size  of  a  pea.  It  passes  into  banded  grit  and  sandstone,  with 
beds  conspicuously  mottled  black  and  grey,  the  black  being  due 
to  large  mudpans,  and  included  masses  of  shale  pinched  up  in 
it,  so  as  to  occur  very  irregularly  through  what  otherwise  appear 
to  be  somewhat  evenly  lying  beds.  This  proves  that  a  con- 
siderable amount  of  deformation  often  takes  place  even  in  a  massive 
grit.  The  alteration  of  a  grit  by  cleavage  into  a  schistose  quartz 
rock  is  well  known,  but  this  fold  and  fault  deformation  is  also 
clearly  a  common  phenomenon. 

The  Bronllwyd  grit  is  of  great  thickness,  and  rolls  over  rapidly  to 
the  south-east,  a  dip  of  65°  being  observed  in  one  place  above  the 
Penrhyn  Quarry. 

0.  The  Penrhyn  slates,  which  next  succeed  in  descending  order, 
are  wonderfully  uniform  in  character  throughout,  but  yet  a  close 
observation  of  those  small  differences  which  affect  the  quality  of  the 
slate  has  called  attention  to  slight  variations  of  texture,  as  well  as 
the  more  marked  difference  of  colour,  and  enable  us  to  make  out  the 
fallowing  subdivisions : — 

a.  Immediately  below  the  Bronllwyd  grit  is  a  glossy  light  apple- 
green  slate,  somewhat  like  a  hone  stone  in  character.  It  is  a  useful 
slate,  and  was  used  for  the  roof  of  the  new  church  at  Bethesda.  It 
has  not  been  much  worked,  except  in  one  quarry,  known  as  Crimea, 


Prq/I  Hughe% — Lower  Cambrian,  Bethesda^  N.  Wales.       11 

a  name  much  in  people's  minds  at  the  time  it  was  opened.  In  this 
quarry  the  new  Trilobite,  Conocoryphe  viola,  Woodward,  was  found 
by  Mr.  Lloyd.  I  verified  its  occurrence  by  finding  several  specimens 
myself.  I  have  been  able  to  add  also  another  smaller  species  of 
Trilobite,  but  my  specimens  are  too  fragmentary  for  determination. 
There  is  also  not  uncommon  in  these  beds  a  rounded  pear-shaped 
body,  with  a  granular  texture  and  banded  structure,  perhaps  some 
form  of  sponge.  There  are  hardly  any  indications  of  bedding,  except 
the  regular  roof  of  grit  and  the  constant  but  less  regularly  occurring 
purple  slatoe  below.  There  are  a  few  sandy  lines  and  bands,  which, 
however,  can  rarely  be  followed  for  more  than  a  foot  or  so.  The 
fossils  appear  on  distorted  bed  faoee,  generally  lying  within  5°  or  10^ 
of  the  cleavage  planes. 

These  beds  are  locally  known  as  the  Upper  Oreen  Slate,  Maenty- 
gwyrdd  uohaf,  or  Cerrig  llwydion,  and  the  estimated  thickness 
is  120  feet. 

The  Upper  Qreen  Slate  passes  down  into  the  next  subdivision. 

5.  Purple  Slate.  The  way  in  which  this  comes  on  shows  that  the 
colour  does  no  go  for  much,  as  it  occurs  in  a  blotchy  irregular 
manner,  suggestive  rather  of  local  circumstances  affecting  the  iron 
in  the  rock  at  any  time  subsequent  to  its  deposition.'  It  has  often  a 
silky  texture ;  this  character  being  seized  upon  by  the  workmen, 
who  called  it  the  Silky  Vein,  or  Cerig  Bhiwiog,  as  distinguishing  it 
from  the  more  sandy  and  irregular  mass  of  slate  below.  It  is  of 
about  the  same  thickness  as  the  Upper  Oreen  Slate,  viz.  some 
120  feet. 

e.  A  coarser  and  less  evenly  cleaved  rock  Which  is  called  Bastard 
slate,  and  is  said  to  be  in  thickness  about  850  feet. 

d.  The  old  blue  slate,  so  called  first  because  it  was  one  of  the 
earliest  quarried,  and  next  because  of  its  colour.  The  colour  is, 
however,  more  green  than  what  we  should  understand  by  blue 
when  applied  to  a  slate.  This  difference  is  lost  in  the  Welsh  name 
Careglas.  It  is  in  the  upper  part  of  this  band  that  the  traces  of 
fossils  have  been  recently  found  in  the  working  known  as 
8ebastopol,  according  to  Mr.  Lloyd's  estimate,  some  1200  feet  lower 
tiian  the  Crimea  quarry,  or  zone  of  Conocoryphe  viola, 

e.  A  bed  of*  red  gritty  rock,  known  as  Gwenithfaengoch,  about 
15  feet  in  thickness,  separates  this  slate  from 

/.  The  Lower  Purple  Slate,  Cerig  Cochion,  which  attains  a  thick- 
ness of  300  feet,  and  passes  down  through 

g.  About  240  feet  of  veined  slate,  known  as  Cerig  gleision 
gwythienog,  into 

h.  The  Lower  Green  Slate,  Gwyrdd  isaf,  in  which  there  is  some 
300  feet  of  workable  slate. 

H,  Greenish  sandy  beds,  with  included  fragments  of  older  rock, 
are  just  touched  at  the  bottom  of  the  quarry.  These  are  probably 
the  top  of  the  passage  beds  into  the  schistose  fragmental  rock, 
which  IB  assooiated  with 

jfiT.  The  cleaved  grit  and  conglomerate,  seen  near  the  bridge,  south 
offiethesda. 
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L.  Below  these  oome  the  slates  of  the  Tramway  outting,  to  he 
more  fally  described  in  illastration  of  the  chief  point  of  this  oom- 
manication,  viz.  the  nature  of  the  deformations  which  have  taken 
place  in  the  Penrhyn  slates,  and  their  hearing  npon  the  manner  of 
occurrence  of  fossils  in  different  parts  of  the  series. 

M.  To  the  north  of  these  the  St.  Anns  Orit  crops  out.  It  was 
touched  in  hreaking  ground  for  the  new  brickworks  near  St.  Anns, 
and  was  quarried  for  use  in  some  of  the  buildings  connected  with 
them.  It  contains  numerous  and  conspicuous  grains  of  hyaline 
quartz,  as  well  as  of  pink  quartz  and  jasper,  in  this  resembling  the 
Cambrian  grits  of  the  Bangor-Camarvon  area. 

Such  is  the  succession  of  rocks  seen  south  of  Bethesda.  There  is 
no  proof  here  of  a  repetition  by  complete  inversion  of  any  large 
portion — though  the  rocks  have  been  much  crushed  up  in  detail. 

One  of  the  various  difficult  questions  raised  by  the  examination  of 
this  district  is,  What  were  the  conditions  which  favoured  the  pre- 
servation of  fossils  only  here  and  there  in  this  great  thickness  of 
rock?  The  first  and  most  obvious  reason  which  suggested  itself 
was  that  the  great  unyielding  mass  of  the  Bronllwyd  Grit,  imme- 
diately below  which  the  fossils  occurred,  saved  the  underlying  bed 
from  the  severity  of  the  crush,  and  that  the  finer  rock  therefore 
split  along  bedding  planes  parallel  to  the  base  of  the  grit.  An 
examination  of  the  section,  however,  soon  showed  that  this  explana- 
tion would  not  hold :  for  the  fine  green  rock  is  strongly  cleaved 
right  up  to  the  base  of  the  grit,  and  the  grit  itself  has  evidently 
suffered  much  in  the  crush,  as  shown  by  the  squeezed-up  mud  pans 
and  the  contortions  of  the  finer  parts.  Moreover,  if  the  occurrence 
of  fossils  1200  feet  lower  down  in  the  quarry  and  far  from  any 
unyielding  mass  of  grit  be  verified,  we  must  seek  some  other  reason 
for  the  exceptional  preservation  of  such  traces. 

When  in  the  quarry  we  endeavour  to  seek  an  explanation,  we 
notice  first  that  the  fossils  do  not  occur  in  the  planes  of  bedding 
as  inferred  from  the  lie  of  the  large  consecutive  masses  of  rock  of 
different  lithological  character.  Yet  the  fossils  can  never  have  been 
of  such  rigidity  as  to  have  been  thrust  into  approximate  coincidence 
with  the  planes  of  cleavage  during  the  crush  which  produced  it 
Further  we  observe  that  there  are  no  bonds  or  lines  suggestive 
of  stratification  running  parallel  to  the  dip  inferred  from  the  alter- 
nating beds  of  grits  and  slates.  Any  such  bands  and  lines  are 
irregular,  interrupted,  of  small  extent,  and  at  all  angles  to  the 
constant  cleavage. 

In  rocks  of  such  a  uniform  character  as  the  Penrhyn  Slates  the 
relative  displacement  of  parts  is  never  easy  of  detection.  If,  how- 
ever, we  follow  them  to  where  some  of  the  beds  are  picked  out  by 
differences  of  colour  and  texture,  so  that  we  can  disentangle  the 
complications,  we  get  a  clue  to  the  processes  by  which  the  rock  has 
been  reduced  to  its  present  state,  and  an  explanation  of  the  irregular 
manner  of  occurrence  of  the  fossils.  In  the  Tramway  cutting  for 
instance,  between  the  St  Ann's  Boad  and  the  Quarries,  we  see  that 
the  bands  which  here  mark  bedding  are  twisted,  drawn  out,  doubled 
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back,  intormptod,  and  repeated,  in  eTory  variety  of  fold  and  break — 
of  which  examplea  are  given  in  the  subjoined  woodcut,  Fig.  II. 


Tlie  seleotioD  shows  t)iree  stages  of  the  same  class  of  movenientB, 
where  the  fultls  are  more  oonspicuoua  in  the  first  and  the  faults  in 
the  last,  so  that  in  it  portions  of  the  folds  are  faulted  out  of  the 
field  of  view  altogether.  This  is  not  cleavage,  nor  necessarily  con- 
nected with  cleavage,  and  on  this  distinction  I  would  lay  particular 
stress.  Many  rocks,  such  as  the  gnarled  series  of  Anglesea  and 
pnrta  of  the  Devonian  of  Devonshire,  show  the  fault  and  fold 
Btnictnre  with  inconBiiicuoua  oleavage.  This  is  the  action  which 
produces  schietosity  in  all  sorts  of  rock,  modified,  of  course,  by  its 
original  character,  whether,  for  instance,  it  is  a  soft  rook  with  onb- 
ordinate  hard  beds,  or  a  somewhat  uniform  mass  with  veins.  The 
essential  character  of  the  fold  and  fault  structure  being  that  there  ie 
a  relative  displacement  of  considerable  portions  of  the  mass,  pro- 
dncing  what  I  have  elsewhere  called  a  universal  slickenside.  The 
MKntial  cfaaraoter  of  cleavage  being  that  there  is  no  such  dis- 
pUcement  of  considerable  portions  of  the  rock,  but  only  a  moleoular 
rearrangement  producing  a  teodenoy  to  split  along  an  indefinite 
QDmber  of  parallel  planes. 

Cleavage  may  affect  a  lock  in  which  the  bedding  planes  are  not 
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contorted,  bo  that  fossils  are  often  found  along  an  even  line  on  the 
edges  of  the  cleavage  planes. 

Cleavage  may  be  superinduced  upon  a  rock  already  affected  by 
fault  and  fold  structure,  especially  in  a  rock  of  a  fine  and  homo- 
geneous character,  and  this  is  what  seems  to  have  taken  place  in  the 
case  of  the  Penrhyn  Slates. 

Doubts  as  to  the  nature  of  cleavage  may  often  be  traced  to  the 
want  of  a  clear  distinction  between  these  two  superinduced  struc- 
tures— the  molecular  rearrangement  due  to  cleavage  and  the  kneading 
of  the  mass  with  fault  and  fold  achiam. 

Why  pressure  should  in  one  case  crumple  up  the  beds  and  in 
another  make  them  yield  as  a  plastic  body,  is  a  separate  question 
probably  capable  of  receiving  different  correct  answers  in  different 
cases.  What  we  are  aiming  at  now  is  the  establishment  of  the  fact 
that  there  is  this  two-fold  action,  and  resulting  different  structure, 
and  the  application  of  it  to  the  explanation  of  some  stratigraphical 
difficulties. 

In  these  lower  Penrhyn  Slates  the  direction  of  displacement  of 
well-marked  beds  is  not  even  generally  coincident  with  cleavage. 
We  see  here  evidence  that  there  is  not  only  a  thickening  of  homo- 
geneous masses  by  molecular  movement  approximately  at  right 
angles  to  the  direction  of  pressure  as  indicated  by  the  cleavage, 
but  also  a  folding  and  crumpling  of  the  beds,  so  that  one  layer  is 
repeated  three  or  four  times  in  the  same  vertical  section. 

Thus  we  get  a  suggestion  of  the  reason  why  fossils  may  be  found 
only  here  and  there  in  a  rock-mass  which  appears  to  be  throughout 
of  a  similar  character  and  to  have  been  subjected  to  similar  con- 
ditions. The  cleavage  often  leaves  the  fossils  on  planes  along  which 
the  rock  will  not  split,  at  the  same  time  distorting  them  beyond  the 
possibility  of  recognition  in  small  fragments.  But  when  the  rock 
has  been  crumpled  and  folded  previous  to  or  coincidently  with  the 
cleavage,  some  specimens  here  and  there  will  lie  on  faces  which  have 
suffered  less  deformation  or  coincide  with  easy  divisional  planes. 

The  great  rock-masses  near  Bethesda  roll  away  in  great  undu- 
lations, having  a  general  dip  to  the  south  and  east ;  but  subordinate 
masses  are  puckered,  behaving  under  this  enormous  pressure  as  if 
plastic,  the  greater  surface  extension  being  compensated  by  dimi- 
nished thickness  and  vice  versd, 

Ramsay  ^  pointed  out  that  the  vertical  extent  of  some  of  these  beds 
was  probably  greatly  in  excess  of  their  original  thickness. 

This  kind  of  thing  is,  of  course,  most  likely  to  occur  in  such 
oases  as  that  which  we  are  considering,  where  the  newer  beds 
abut  against  an  axis  of  older  rocks  which  have  been  already 
squeezed  and  shrunk  beyond  the  possibility  of  much  further  com- 
pression, just  as  in  a  crowd  the  man  who  is  jammed  against  the 
wall  or  post  gets  most  hurt. 

We  further  notice  that  along  the  old  ArchsBan  axes  two  things 
happen  which  account  for  a  very  rapid  disappearance  of  beds 
which  are  seen  to  be  of  great  thickness  in  a  closely  adjoining  area. 

'  Mem.  GeoL  Survey,  vol.  iii,  pp.  190-196. 
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There  is  first  the  accumulation  in  the  hollowB  and  an  overlap  of  the 
later  over  the  younger  part  of  the  same  series  as  the  successive 
deposits  creep  up  the  flanks  of  the  submerged  land. 

And,  secondly,  there  is  the  exaggeration  of  the  thickness  of  the 
mud  accumulated  in  the  hollows  when  pressure  supervenes  and 
squeezes  it  up  against  the  base  of  the  cliffs  and  steep  mountain 
chains  of  the  ancient  submerged  land. 

Thus  the  manner  of  occurrence  of  the  fossils  in  the  Penrhyn 
quarry  throws  some  additional  light  on  the  processes  which  have 
modified  the  older  rocks  even  to  the  exaggeration  of  thickness. 

There  is  not  such  a  great  difference  in  the  thickness  of  the  lowest 
part  of  the  series  at  Bethesda  and  Bangor,  and  even  that  difference 
can  be  much  reduced  by  allowing  for  the  increase  in  the  apparent 
thickness  of  the  Penrhyn  slates  by  squeeze. 

The  still  greater  missing  series  at  Carnarvon  may  be  accounted 
for  by  the  overlap  of  higher  over  lower  Cambrian  against  an 
important  sea-bordering  Archaean  mountain  range.  The  lowcHt 
Cambrian  beds  at  Carnarvon  were  thus  a  higher  and  newer  part  of 
the  system,  and  being  nearer  the  tops  of  the  mountain  ridges 
escaped  the  great  crush  that  caught  the  older  and  deeper  beds 
thrown  down  nearer  the  base  of  the  ancient  range. 


III. — Notes  on  the  Physios  of  Metamorphism. 

By  Alfred  Harkbr,  M.A.,  F.6.S., 
Fellow  of  St.  John's  College,  Cambridge. 

THE  problem  of  the  metamorphism  of  rock- masses  is  one  in 
which  increased  study  has  not  led  to  unanimity  of  opinion. 
The  literature  of  the  recent  Geological  Congress  in  London  suffices 
to  remind  us,  how  widely  divergent  are  the  conclusions  to  which 
Tarious  geologists  have  been  led  by  researches  in  the  field.  Since, 
then,  the  a  posteriori  line  gives  such  very  different  results  in  different 
hands,  it  may  be  worth  while  to  revert  for  a  moment  to  the  deductive 
method,  and  try  to  trace  the  consequences,  in  this  connexion,  of 
admitted  physical  principles. 

Since  some  definition  of  our  subject  is  necessary,  we  will,  for  the 
present  purpose,  group  together  under  the  name  metamorphism  all 
processes  which  result  in  a  partial  or  complete  crystallization  or 
re-crystallization  of  solid  masses  of  rocks.  Such  changes  are  usually 
effected  through  chemical  re-arrangements,  and  are  often  attended 
by  the  development  or  creation  of  special  structural  planes  in  the 
rock- masses.  Those  processes  which  do  not  appear  to  demand 
either  a  high  temperature  or  a  high  pressure,  such  as  the  conversion 
of  sandstone  into  quartzite  by  deposition  of  interstitial  quartz, 
although  logically  included  hei*e,  will  not  be  discussed.  We  may 
conveniently  distinguish  them  as  hydro-metamorphiam,  recognizing 
the  important  part  played  by  water  in  changes  of  this  kind. 

The  geological  manuals  lay  down  a  fundamental  distinction 
between  contact-  and  re^ionaZ-metamorphism  ;  but  from  our  present 
Btarting-point  we  arrive  at  a  somewhat  different  division.    1\>  \& 
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indeed  evident  that  wbat  is  essential  to  contact-metamorphism  is  not 
the  proximity  of  an  eruptive  mass,  but  simplj  an  elevation  of 
temperature  ;  and,  so  far  as  chemical  and  mineralogical  changes  are 
concerned,  it  is  immaterial  whether  the  heat  be  condncted  from  some 
neighbouring  source  or  generated  in  situ  by  mechanical  or  other 
means.  It  appears,  again,  from  the  writings  of  many  geologists  who 
invoke  the  operation  of  mechanical  force  in  explanation  of  meta- 
morphism,  that  they  require  nothing  of  that  agent  beyond  the 
generation  of  heat  by  the  crushing  of  the  rocks  operated  upon.  A 
theory  based  on  these  lines  fails  to  show  any  cause  for  difference 
between  the  results  of  dynamical  and  of  contact-metamorphism. 
Qliat  differences  of  kind  exist,  is,  however,  generally  admitted. 
Certain  minerals,  such  as  andalusite,  tourmaline,  garnet,  and  idocrase, 
are  known  to  be  especially  associated  with  the  alteration  of  stratified 
rocks  at  high  temperatures.  On  the  other  hand,  there  are  changes, 
such  as  the  amphibolisation  of  pyroxene,  the  saussuritisation  of 
plagioolase,  the  conversion  of  potash -felspar  into  white  mica  and 
quartz,  and  the  production  of  sphene  at  the  expense  of  titaniferous 
iron  ores,  which  are  characteristic  of  altered  rocks  showing  clear 
evidence  of  mechanical  stress.  These  two  phases  of  metamorphism 
by  no  means  exhaust  the  possibilities,  but  they  apparently  compel  us 
at  the  outset  to  recognize  as  distinct  from  one  another  a  thermo-  and 
a  dynamo •metamorphtam,  the  pressure  in  the  latter  case  operating 
not  through  the  medium  of  heat  generated,  but  immediately.  In 
short,  we  must  adroit  the  direct  correlation  between  mechanical  and 
chemical  energy,  to  which  experimental  results  unmistakably  point 

While  allowing  the  potency  of  pressure  as  a  factor  in  geological 
transformations,  many  writers  seem  reluctant  to  admit  it  to  a  rank 
co-ordinate  with  temperature,  as  one  of  the  conditions  governing  all 
chemical  processes.  They  quote  the  experiments  of  Mallet,  but 
overlook  those  of  Cailletet  and  Spring.  But  if  the  chemist  can,  for 
the  most,  neglect  in  practice  the  effects  of  variations  of  pressure  on 
solid  bodies,  it  is  only  because  the  range  of  pressure  in  his  experi- 
ments is  comparatively  small :  the  laboratory  of  nature  knows  no 
such  restrictions.  In  parts  of  the  earth's  crust  with  which  geological 
research  is  concerned,  there  must  be  enormous  pressure,  as  well  as 
extreme  temperature ;  and  these  two,  though  often  locally  coinciding, 
must  be  physically  independent  For  rough  purposes  we  may 
separate  four  sets  of  conditions,  which  may  exist  in  various  places, 
and  which  may  be  expected  to  govern  the  atomic  forces  in  different 
manners,  giving  rise  in  their  several  provinces  to  different  chemical 
combinations : 

(i).  Low  temperature  and  low  pressure  {hydro-metamorphism), 

(ii).  High  temperature  and  low  pressure  {thermo-metamorphism). 

(iii).  Low  temperature  and  hieh  pressure  (dynamo-fnetamorphism), 

(iv).  High  temperature  and  high  pressure  {plutono-metamorphum). 

The  first,  in  the  widest  sense,  will  embrace  various  chemical 
changes  which  go  on  chiefly  near  the  surface  of  the  earth.  The 
second  will  be  typically  represented  by  *  contact-metamorphism,' 
but  will  also  include  cases  in  which  the  crushing  of  rocks  under  a 


A  Ifred  Barker — Physics  of  Metamorphism.  17 

morlerate  pressure  gives  rise  to  the  generation  of  heat  sufficient  to 
prodnoe  a  considerable  rise  of  temperature.  The  third  set  of  con- 
ditions will  be  best  exemplified  when  pressure  acts  on  a  rock-mass 
not  rigid  enough  to  offer  great  resistance  to  crushing.  A  good 
ilhisti-ation  of  its  effects  is  seen  in  satiny  slates  or  phyllaies^  such  as 
those  of  Fumay,  and  perhaps  of  Llanberis  and  Michigan.  These 
rocks,  distinguished  from  mere  K)lay-slates,  must  in  some  cases  be 
classed  as  highly  metamorphic.  They  appear  to  consist  largely  of 
authigenic  minerals,  and  their  highly-developed  cleavage-structure 
is  in  fact  a  micro-foliation. 

By  applying  to  various  districts  of  altered  rocks  this  distinction  of 
thermo-  and  dynamo-metamorphism,  that  is,  by  considering  the 
proximate  instead  of  the  mediate  causes  of  the  chemical  trans* 
formations,  we  may  possibly  find  a  clue  to  some  apparent  anomalies. 
One  of  these  is  the  interpolation  of  thermo-metamorphic  rocks  in 
the  midst  of  a  region  of  dynamo-metamorphism.  Such  are  the 
puzzling  comities  (composed  of  biotite  and  quartz),  the  gametiferous 
and  other  npecial  rocks  of  the  Reroagne  and  fiastogne  district  in  the 
Belgian  Ardenne.  Their  peculiarity  seems  readily  to  connect  itself 
with  the  facts  that  they  occur  in  the  cores  of  anticlinal  folds,  where 
they  roust  have  been  crushed  upon  themselves,  and  that  the  rocks 
thus  affected,  unlike  their  neighbours,  are  hard  beds  which  would 
offer  resistance  to  the  deformation,  and  so  give  rise  to  the  generation 
of  heat. 

It  is  not  to  be  expected,  however,  that  the  varied  mineral ogical 
phenomena  of  a  great  metamorphic  region  will  in  general  divide 
themselves  into  those  due  to  high  temperature  and  those  due  to  high 
pressure.  We  have  still  to  reckon  with  the  case  of  great  heat 
produced  by  the  crushing  of  large  masses  of  hard  rocks  under  a 
pressure  itself  sufficient  to  modify  materially  the  chemical  affinities, 
llie  results  produced  by  the  superposition  of  thermo-  and  dynamo- 
metamorphism  must  be  very  complex :  but  we  have  no  reason  to 
Buppose  that  these  are  comparable  in  any  special  way  with  the  effects 
of  a  very  high  temperature  and  an  intense  pressure  operating  simul- 
taneously. Indeed  we  must  recognize  in  this  latter  a  problem  to 
which  we  can  bring  no  direct  experimental  knowledge.  Kocks 
which  have  been  subjected  to  such  conditions  may  presumably 
assimilate  in  some  respects  to  those  solidified  from  fusion  under 
similar  circumstances,  although  we  should  expect  differences  of 
textnral  and  structural  characters  between  the  two.  Failing  a 
better  name,  we  may  accordingly  use  the  term  plutono-metamorphism 
to  describe  the  profound  changes  in  rocks  implied  in  the  joint 
influence  of  very  elevated  temperature  and  enormous  pressure. 

Experiments  in  the  artificial  reproduction  of  minerals  have  led 
geologista  to  lay  stress  on  the  presence  of  water  during  the  trans- 
formation of  rocks.  This  question  does  not  touch  the  fourfold 
division  snggested  above.  The  temperature  and  the  pressure  must 
in  general  ^  completely  define  the  conditions  of  the  chemical  pro- 

*  The  exceptions  being  fusion  and  solidification,  which  cannot  fairly  be  classed 
irith  metamorphism. 

DBOADB    UI.— VOL.  VI. — }X0,  I.  1 
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oeBses  involved  (local  solution,  crystallization,  etc.,  being  indaded 
as  chemical  changes) :  water,  if  present,  is  one  of  Uie  substances  in 
which  the  recombinations  are  induced ;  in  other  words,  a  part  of 
the  rock.  In  pure  thermo-metamorphism  it  is  probable  that  the 
expulsion  'of  contained  water  is  the  first  effect  of  the  rise  of  temper- 
ature, and  observations  show  that  this  is  true  even  of  the  liquid 
enclosed  in  the  minute  pores  of  crystals.  High  pressure  acting 
upon  rocks  containing  water  will,  as  appears  from  theory  and  ex- 
periment, assist  solution,  but  retard  the  complementary  prooess  of 
crystallization  from  solution.  An  important  case  will  be  that  of  a 
heterogeneous  rock-mass  in  which  the  pressure  varies  from  point  to 
point.  Here  the  solution  of  minerals  at  the  points  of  maximum 
pressure,  and  their  deposition  where  the  pressure  is  least,  must  be  a 
factor  of  great  potency  in  the  transformation  of  the  rocks.  Indeed 
this  action,  first  pointed  out  by  Sorby,  may  have  a  very  important 
application  to  the  separation  of  the  several  constituent  minerals,  and 
their  segregation  into  lenticular  streaks,  which  mark  a  common  type 
of  crystalline  schists. 

As  is  indicated  by  the  last  suggestion,  the  structural  cannot  be 
strictly  separated  from  the  chemical  e£fects  of  pressure.  Such  separate 
consideration  is  to  some  extent  possible  only  with  comparatively  soft 
rocks,  which  do  not  offer  great  resistance  to  deformation.  In  such 
cases  it  is  useful  to  remember  that  a  pressure  in  a  definite  direction  is 
mathematically  equivalent  to  a  uniform  pressure  together  with 
certain  shearing  stresses.  Of  these  the  former  tends  to  produce  a 
change  of  volume  without  change  of  shape,  t.e.  a  uniform  com- 
pression, the  latter  a  change  of  shape  without  change  of  volume, 
i.e,  a  shear.  Both  these  changes  involve  an  expenditure  of  mechanical 
energy,  but  the  energy  expended  in  shearing  will  be  small  in  the 
case  of  a  soft  rock.  The  term  shear  is  here  used  to  describe  a  con- 
tinuous deformation,  not  a  disruption.  This  seems  a  legitimate 
adaptation  of  the  mathematical  word,  although  since  rocks  are 
heterogeneous  bodies,  their  ''  shearing  "  presents  only  a  geometrical, 
not  a  physical,  analogy  to  the  shearing  of  elastic  and  viscous  sub- 
stances. In  this  useful  sense  the  expression  was  introduced  into 
geological  literature  by  Mr.  Fisher  only  four  years  ago,  and  it  is  to 
be  regretted  that  it  has  been  so  soon  perverted  by  those  who  apply 
it  to  discontinuous  sliding  or  faulting. 

We  frequently  find  it  stated,  or  assumed,  that  when  structures 
such  as  cleavage  or  foliation  are  set  up  in  a  rock -mass  by  shearing, 
they  are  parallel  to  the  direction  of  shearing ;  although,  as  has  often 
been  pointed  out,  they  must  really  be  perpendicular  to  the  maximum 
linear  compression.  In  other  words,  these  structural  planes  are 
parallel  to  the  chief  diametral  plane  of  the  strain-ellipsoid,  while 
the  shearing- planes,  if  they  remain  constant  in  direction,  are  parallel 
to  cyclic  sections  of  the  ellipsoid.  Only  for  a  large  amount  of  shearing 
will  the  shearing-planes  and  the  induced  structural- planes  become 
nearly  parallel. 

In  a  rock  of  considerable  rigidity,  shearing  as  well  as  compression 
involves  the  expenditure  of  mechanical   energy,  which   must   be 
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x>nTerted  into  heat  or  chemical  energy  or  both,  and  so  contribute 
0  the  chemical  part  of  the  metamorphism. 

There  18  another  case  which  must  be  to  a  certain  extent  realized 
)y  some  rocks,  and  which  we  may  picture  as  that  of  a  mass  consist- 
Q£>  o^  grains  individually  rigid,  but  capable  of  sliding  upon  one 
mother.  This  is  the  '*  granular  medium  "  investigated  by  Professor 
}.  Reynolds.^  Here  a  pure  shear  is  impossible,  since  any  change 
)f  shape  in  the  whole,  effected  by  rearrangement  among  the  grains, 
nvolves  a  change  of  total  bulk.  If  such  a  mass  has  already  been 
'packed"  into  a  state  of  minimum  volume  (not  necessarily  the 
east  possible  volume),  any  deformation  will  increase  its  bulk,  and 
K)  will  be  resisted  by  the  pressure.  Such  a  condition  could  be  per- 
nanently  relieved  only  by  chemical  action,  beginning  perhaps  by 
Jie  solution  of  the  grains  at  their  points  of  contact  It  appears  too 
heX  the  intercalation  among  more  yielding  materials  of  a  granular 
x>ok,  which  becomes  in  places  *'  packed"  to  a  minimum  volume,  will 
)flen  determine  internal  disruption  and  faulting  of  the  mass. 

The  relation  between  foliation  and  the  banded  or  gneissic  structure 
8  a  question  which  need  only  be  referred  to  briefly.  When  the 
Atter  is  produced  by  the  same  prime  agent  as  the  former,  as  for 
example  in  the  manner  described  by  Mr.  Teall,'  the  two  structures 
nrill  necessarily  be  parallel  to  one  another.  But  when  foliation  is 
let  up  by  dynamical  agency  in  rock-masses  possessing  a  previous 
)anded  structure,  whether  from  stratification,  or  earlier  metamorphism, 
)r  any  other  cause,  the  former  will  not  of  necessity  be  parallel  to 
ihe  latter,  although  it  will  tend  to  become  so  with  increasing 
leformation.  Numerous  examples  of  foliation  oblique  to  gneissic 
itructure  have  been  described  and  figured.'  For  the  sake  of  clear- 
less,  it  does  not  seem  advisable  to  name  this  peculiarity  <' double 
bliation."  If  we  use  the  term  foliation  strictly  with  reference  to 
he  intimate  structure  of  the  rock,  and  not  to  alternations  of  different 
>etrological  types,  a  rock-mass  cannot  present  two  foliations  in  the 
lame  place  :  the  second  will  destroy  the  first  as  a  direction  of  true 
ichistosity.  The  same  is  true  of  slaty  cleavage,  notwithstanding 
various  statements  to  the  contrary.  I  have  examined  numerous 
examples  of  the  local  phenomenon  styled  *'  double  cleavage  "  in  the 
irdennes,  and  in  all  cases  resolved  the  second  set  of  structural 
3laues  into  a  false  (or  au8i^etcAtin^8-)cleavage,  consisting  in  a 
mccession  of  minute  folds  or  faults  of  the  kind  figured  by  Heiro, 
ReuBch,  and  others.^  llie  *'  cross-cleavage  "  of  Wales  and  the  Lake 
District  appears  to  be  merely  a  fine  jointing. 

In  conclusion,  it  may  be  well  to  remark  that  the  analysis  of 
internal  forces  into  uniform  pressure  and  shearing  stresses  is  quite 
generaL     Such  ideas  as  torsion  or  wrench  on  a  screw  do  not  import 

*  Phil.  Mag.  ser.  6,  vol.  ix.  p.  469,  1886. 

*  Gbol.  Mao.  1887,  p.  484. 

'  Q.J.G.S.  vol  xlir.  p.  398  ;  1888  :  Reusch,  Kry»taUinuch$n  Sehie/er,  pp.  74 
indll5;  1883. 

*  Mecanismus  der  Gebirgtbildung,  plate  xt.  figs.  8  and  11  ;  1878:  KryntaVin- 
itekm  Sehieftr,  p.  51  ;  1883  :  Bominelben  og  Kannaeti,  p.  196  ;  1888  :  Beport  Brit. 
Attoc  for  1885,  pp.  838  and  840. 
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anything  new  with  respect  to  the  conditions  of  rock-trnnsformation. 
They  express  usefully  theories  as  to  the  distribution  of  mechanical 
stress  and  its  induced  metamorphism,  but  do  not  give  rise  to  auy 
new  kind  of  metamorphic  processes. 

IV. —  On   THK   BaLLAMTRAK  RoOKS  OF  SoUTH  SoOTLAHD   AKD  THEIR 

Plage  in  the  Uplakd  Shqukmob. 

By  Prof.  Cha&lbs  Lapworth,  LLD.,  F.R.8.,  F.0.8. 

Tart  L—Tki  BalUntra$  Mtla. 

ON  the  extreme  north-west  flank  of  the  Lower  PalsBOZoic  region  of 
the  Southern  Uplands  of  Scotland  there  occurs  a  remarkable 
coastal  area  of  stratified,  igneous  and  altered  rocks,  known  to 
geologists  as  the  "  Ballantrae  Rocks/'  from  the  little  fishing  town  of 
Ballantrae,  which  is  built  upon  them.  They  range  along  the  shores 
of  the  Firth  of  Clyde  for  a  distance  of  about  12  miles,  and  are  well 
displayed  in  section  in  a  series  of  rugged  clifia  cut  through  by  the 
picturesque  coast  road  between  Ballantrae  and  Girran.  llie  area 
they  occupy  nowhere  exceeds  five  miles  in  width,  and  is  limited 
inland  by  the  smoother  regions  floored  by  the  barren  grey  wackes  of 
the  Uplands  and  the  fossiliferous  strata  of  the  Oirvan  district,  bnt 
this  inland  boundary  is  everywhere  curiously  broken  and  irregular. 

The  rocks  occurring  within  the  limits  of  the  Ballantrae  district 
consist  of — (a)  conglomerates,  limestones,  shales,  quartzose  flag- 
stones, and  volcanic  grits  and  tuffs ;  (h)  broad  sheets  of  serpentine, 
porphyrite,  and  various  crystalline  rocks ;  and  (e)  irregular  masses 
of  gabbro,  diabase,  and  dolerite.  Of  the  mutual  relationships  and 
true  systematic  position  of  these  rocks,  very  diverse  views  have 
been  advocated  by  geologists.  Some  of  the  unaltered  limestones 
within  the  Ballantrae  area  were  proved  by  Mr.  Carrick  Moore, ^  as 
early  as  1848,  to  contain  the  same  fossils  as  the  well* known  lime- 
stones of  the  Stinchar  valley  (and  consequently  to  be  of  Llandeilo- 
Bnla  age).  Since  that  date  a  few  additional  fossils  have  been  recorded 
from  the  rocks  of  the  area,'  but  these  have  all  been  procured  from 
the  same  well-marked  limestone  zone. 

The  presence  of  these  Llandeilo-Bala  fossils  in  the  limestones 
of  the  Ballantrae  district  has  been  very  naturally  held  by  most 
geologists  as  fixing  generally  the  geological  date  of  the  associated 
stratified,  igneous,  and  altered  rocks.  By  some  this  deduction  has 
been  carried  out  fully,  and  the  whole  of  the  Ballantrae  rocks  have 
been  described  as  Bala  beds  in  various  stages  of  metamorphism.' 
By  others,  however,  while  the  Ballantrae  rocks  were  placed,  as  a 
whole,  with  the  Stinchar  Limestones  at  the  base  of  the  fossiliferous 
Qirvan  sequence,  some  of  their  crystalline  members  were  regarded 
as  of  igneous  and  eruptive  origin.^  Finally,  others,  who  were  aware 
of  the  faulted  and  convoluted  character  of  the  region,  have  suggested 
that  some  of  its  included  rocks  may  be  even  of  Pre-Cambrian  age.* 

By  myself  the   Ballantrae  rocks  have  been  looked  upon  as  a 

1  Q  J.G  S.  1849,  Tol.  T.  pp.  7-17.      *  Explan.  Geol.  Sunr.  Scot.  Sheet  rii.,  p.  9. 
»  J.  Oeikic,  Q.J.G.S.  1866,  vol.  xxii.  p.  613-634. 
*  Murchison,  Siluria  6th  ed.  p.  165,  note. 
»  Hicks,  Q.J.G.S.  1882,  vol.  xxxviii.  p.  666. 
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complex  formed  of — (a)  the  Stinoliar  limestone  and  conglomerate 
series ;  (6)  a  stratiform  series  of  sedimentary  and  volcanio  rocks 
of  much  earlier  date ;  and  (c)  intruded  igneous  masses  of  subsequent 
but  unknown  geological  age.  When  tbe  first  and  last  of  these 
sections  had  been  satisfactorily  eliminated,  I  believed  that  the 
remainder— or  Ballantrae  series  proper — would  prove  to  be  of 
higher  antiquity  than  any  of  the  fossiliferous  strata  hitherto 
recognized  in  the  Southern  Uplands.' 

In  my  paper'  upon  the  Girvan  sucoession  the  rocks  of  the  Ballan- 
trae complex  are  thus  referred  to : — "  These  Girvan  rocks  (Llandeilo- 
liala  to  Wen  look)  appear  to  repose  at  their  base  upon  the  generally 
older  igneous  and  altered  rocks  of  Ballantrae.  The  Ballantrae  rocks 
have  as  yet  been  too  imperfectly  studied  to  allow  us  to  hazard  any 
conclusion  respecting  their  true  geological  age.  That  many  of  the 
rocks  grouped  together  under  this  title  are  of  far  greater  antiquity 
than  the  basement  beds  of  the  Girvan  succession  may  be  regarded 
as  established  by  the  fact  that  fragments  of  the  Ballantrae  rocks 
occur  in  the  Kirkland  or  Purple  conglomerate  at  the  base  of  the 
Girvan  suooession.  These  (their)  Pre-Girvan  traps  and  ashes  must 
either  represent  the  Arenig  and  Llandeilo  (Lower)  volcanic  rocks  of 
Wales  and  Cumberland,  or  must  be  of  more  ancient  date.  On  the 
other  hand,  rocks  which  are  unquestionably  of  true  Girvan  age  occur 
at  many  localities  within  the  typical  Ballantrae  region  itaelf,  while 
the  patches  of  altered  or  so-called  Ballantrae  rocks  (of  that  memoir) 
found  outside  that  area,  as  at  Shallock  Hill,  Laggan  Hill,  and  else- 
where, almost  certainly  include  some  greatly  altered  Girvan  rocks.*' 

The  time  at  my  disposal  for  working  out  the  main  object  of  my 
Girvan  paper — namely,  the  determination  of  the  natural  order  of 
Bucoession  among  the  fossiliferous  rocks  of  the  Girvan  district — did 
not  admit  of  my  devoting  more  attention  to  the  rocks  of  the  Ballan- 
trae complex  than  was  sufficient  to  establish  their  inferiority  as  a 
whole  to  the  fossiliferous  Girvan  series.  Hence  all  the  rooks  (sedi- 
mentary, igneous,  and  altered  alike),  whose  position  and  characters 
showed  that  they  formed  a  part  of  the  heterogeneous  Ballantrae  com- 
plex, were  provisionally  grouped  in  that  paper  under  the  title  of 
"  Ballantrae  rocks."  It  was  perfectly  clear  however  that  before  the 
Girvan  stratigraphy  should  be  regarded  as  even  fairly  complete  it 
would  be  absolutely  necessary  to — (1)  study  in  greater  detail  the 
rocks  of  the  altered  or  so-called  **  Ballantrae  patches "  within  the 
limits  of  the  Girvan  area,  and  separate  off  their  included  post-Girvan 
igneous  intrusions  and  the  Girvan  rocks  these  had  hardened  and 
altered,  from  the  truly  older  stratiform  rocks  of  pre-Girvan  date ; 
and  (2),  to  establish  on  the  same  pal  aeon  tological  evidences  as  those 
relied  upon  in  determining  the  systematic  position  of  the  various 
members  of  the  Girvan  succession,  the  pre-Girvan  age  of  those 
members  of  the  Ballantrae  complex  which  were  held  by  myself  to 
be  of  higher  antiquity  than  the  basement  beds  of  the  (Upper 
Llandeilo)  Oirvan  succession.    . 

1  Compare  Lapworth,  Q.J.6.S.  1878,  p.  341 ;  ibid.  1882,  p.  663 ;    and  Trans. 
Geo!.  Soc.  Glaagow.  1878,  p.  83. 
'  Lspwortb,  Q.J,aS,  1882,  rol  xzzTZii.  p.  663. 
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With  these  especial  aims  I  paid  a  visit  to  the  Ginran  distriot  in 
1886,  and  was  then  able  to  satisfy  myself  upon  the  following  points: — 

1.  The  diabases,  syenites,  gabbros  and  serpentines  oocurring  in  the 
altered  patches  within  the  limits  of  the  Girvan  distriot  proper  are  many 
(if  not  all)  of  post-Girvan  (post-Silurian  ?)  age.  They  occasionally 
traverse,  and  usually  harden  and  alter,  such  of  the  Lower  Girvan 
rocks  as  they  are  locally  associated  with  (as  at  Shallock  Hill,  Meadow- 
head,  Byne  Hill,  Laggan  Hill,  Craighead  Hill,  and  the  slopes  of  the 
valley  of  the  Stinchar) ;  so  that  (exception  being  made  of  some  of 
the  strata  of  the  last  three  areas  named)  the  igneous  and  altered  rocks 
of  these  patches  have  no  claim  to  be  ranked  as  of  BaUantrae  age. 
These  post-Girvan  igneous  rocks  have  intruded  themselves  mainly 
in  sheeta  along  the  many  anticlinal  arches  into  which  the  Girvan 
rocks  are  thrown,  either  between  the  Girvan  rocks  and  the  BaUantrae 
rocks  proper,  or  among  the  limestones  and  conglomerates,  etc.,  which 
make  up  the  basal  members  (Barr  or  Stinchar  Series)  of  the  Girvan 
succession. 

2.  Similar  igneous  rocks  (apparently  of  corresponding  age)  are 
met  with  in  mass  within  the  limits  of  the  BaUantrae  region  itself, 
and  have  been  equally  operative  in  hardening  and  altering  the 
enveloping  strata.  But  in  addition  to  these  post-Girvan  masses  and 
the  infolded  Girvan  (Stinchar)  limestones  and  conglomerates  of  the 
region  already  referred  to,  the  BaUantrae  rock  complex  actually 
includes  great  thicknesses  of  stratiform  rock — volcanic  (contempo- 
raneous), sedimentary,  altered  and  unaltered ;  some  of  the  last  of 
which  are  distinctly  of  pre-Girvan  date  (and  consequently  of  higher 
antiquity  dian  any  fossiliferous  stratum  yet  recognized  in  the  Southern 
Uplands) — for  they  contain  locally  a  well-marked  Graptolitic  fauna 
of  Arenig  age. 

The  Arenig  fossils  occur  in  certain  hardened  black  shales  on  the 
sea-shore  at  Bennane  Head,  about  the  centre  of  the  BaUantrae  area. 
These  shales  are  associated  with  siliceous  and  felspathio  grits  and 
flagstones,  purple  shales,  conglomerates  and  various  igneous  and 
altered  rocks.  Similar  black  shales  occur  near  Lendalibot,  on  the 
north-western  slopes  of  Craighead  Hill  and  elsewhere,  but  hitherto 
they  have  afforded  no  determinable  fossils. 

The  recognizable  forms  collected  by  myself  from  the  Bennane 
shales  include : 


Fhyllogrnptui  iypus^  Hall. 
Tttrngraptua  quadrihrachiatus^  HalL 

bryonoides.  Hall. 

frutieoatUt  Hall. 

Biytbyi  {caducena)  ?,  Hall. 


Didymograptus  extensvs^  Hall. 

,,  bijidus.  HalL 

Caryoearii  Wrightii,  Salter. 
Associated  with   forms  of  Bictyonema, 
Liuyula  and  Obolella. 

It  is  almost  unnecessary  perhaps  to  point  out  that  we  have  here 
a  Scottish  representative  of  the  well-marked  fauna  of  the  middle 
zones  of  the  Arenig  Quebec  or  iirst  Ordovician  fauna  of  South 
Britain,  Northern  Europe,  and  Eastern  America.  Not  only  is  the 
general  facies  of  the  fauna  of  the  well-known  Arenig  Point  Levis, 
or  Skiddaw  type,  but  the  Bennane  forms  occur — as  will  be  apparent 
from  a  study  of  the  following  table — always  in  the  same  association. 
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We  have  tbererora  in  the  foregoing  faots  a  complete  palteonto- 
logical  demonstration  of  the  theory  that  the  local  aeriee  of  rocke  to 
wbicQ  the  title  of  BalUntrae  Series  or  "  Ballantrae  rocks  "  has  been 
applied,  is  in  reality  a  complex  of  stratified,  altered,  and  igneouB 
nxiks  of  very  different  geologioal  ages  :  Arenig,  Llandeilo,  and  post* 
Onlovician :  the  common  faciea  of  the  pBeudo- series  being  mainly 
the  result  of  the  common  intarfolding,  alteration,  and  intrusion  its 
rooks  have  undergone.  The  development  of  the  natural  order, 
inter-relationahipa  and  mode  of  alteration  of  this  complex  has 
yet  to  be  worked  out,  and  can  only  be  satisfaotoriiy  accomplished 
by  a  mapping  of  the  entire  district,  zone  by  zone,  and  band  by 
tMnd.  When  that  work  has  been  oompleted,  it  is  by  no  means  un- 
likely that  fosailiferous  zones  of  a  yet  higher  antiquity  may  be 
detected ;  and  that  here  it  will  be  shown  that,  as  elsenhere,  the  most 
extreme  views  held  regarding  the  oolleotive  rook  aeries  may  each 
have  contained  a  certain  proportion  of  the  actual  truth. 

Altfaongb  the  simple  fact  of  this  discovery  of  an  Arenig  fauna  in  the 
Ballantrae  rocks  has  long  been  made  known,'  I  have  hitherto  with- 
held the  foregoing  details,  because  of  their  vital  bearing  upon  the 
general  question  of  the  trne  sequence  of  the  Lower  Palssozoio  rocks 
of  the  Soottisb  Uplands.  The  present,  however,  appears  to  be  the 
most  natural  time  for  their  publicatiou.  The  epoch-making  memoir 
by  Hesars.  Peach  and  Horoe  on  the  structure  of  the  N.W.  High- 
lands in  tbe  Quarterly  Journal  of  the  Geologioal  Society  for  August, 
1886,  p.  37U,  has  given  the  finishing- stroke  in  Britain  to  rbe  antiquated 
ideas  of  tbe  reliability  of  apparent  stratigraphy  in  areas  subjected 

I  NichalMn,  1872,  Brit  Hon.  Grapt.  p.  97,  etc. 
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to  intoDBe  lateral  pressure.  The  oonsoieDtioas  and  detailed  paper  by 
Messrs.  Marr  and  Nicholson  ^  on  the  Stockdale  Shales  of  the  Lake 
District,  in  the  November  Number  of  the  same  publication,  has 
brought  home  to  British  geologists,  in  an  equally  convincing  manner, 
the  untenability  of  the  views  of  those  few  surviving  stratigraphists 
who  still  hesitate  to  acknowledge  the  paramount  value  of  the  Orap- 
tolites  in  the  elucidation  of  complicated  questions  of  stratigraphy  and 
correlation  among  the  Lower  Palseozoic  rocks. 

In  these  two  typical  papers  the  zonal  and  detailed  method  of 
stratigraphy,  as  opposed  to  the  regional  and  generalized  method,  has 
been  consistently  followed  throughout,  and  it  is  to  the  adoption  of 
this  method  I  believe  that  they  owe  their  reliability  and  their 
success.  This  zonal  method,  which  has  always  been  employed  by 
myself  in  my  work  among  the  convoluted  rocks  of  the  Scottish 
Uplands,  has  thus  quietly  entered  upon  what  may  be  regarded  as 
the  accepted  or  oi*thodox  stage.  With  the  new  interest  springing 
up  among  British  geologists  respecting  the  natural  sequence  and  the 
proper  classification  of  the  Lower  PalsBozoic  rocks,  it  may  be 
regarded  as  certain  that  the  complicated  region  of  the  Scottish 
Uplands  will  now  be  studied  in  fuller  detail  by  geologists  acquainted 
with  the  new  methods,  and  that  such  differences  of  opinion  as  still 
exist  among  geologists  respecting  these  rocks  will  soon  find  their 
natural  solution  and  harmony,  as  in  the  cases  of  the  Lake  District 
and  the  N.W.  Highlands,  in  a  careful  and  detailed  investigation  of 
all  the  actual  facts. 

^To  be  eonelttdedj 

v.— On  a  Nkw  Species  of  the  Genus  Protastbr  (P.  snisiyooiDEs), 
FROM  THE  Upper  Silubiam  of  Viotoria,  Australia. 

By  J.  Waltbb  Ghboo&t,  F.G.S.,  F.Z  S., 
of  the  British  Museam  (Natural  History). 

SO  little  is  as  yet  known  of  the  PalsBOzoic  Ophiuroidea,  that  the 
discovery  of  some  specimens  that  represent  a  new  species  of 
Protaster  in  the  Upper  Silurian  rocks  of  Victoria  is  of  interest. 
Some  of  the  specimens  were  forwarded  to  Dr.  Woodward  by  Mr. 
Frederick  McK night,  of  60,  Hawke  Street,  West,  Melbourne, 
Victoria,  some  time  ago,  but  they  were  too  fragmentary  to  be 
of  much  service ;  several  better  examples  having  been  received  from 
the  same  source,  Dr.  Woodward  has  kindly  entrusted  them  to  me  for 
description. 

Protaster  hrisingoidea,  n.sp. 

Disk  obscurely  indicated  :  apparently  of  medium  size  and  pen- 
tagonal in  shape,  each  face  being  concave  owing  to  the  disk  extend- 
ing slightly  along  the  arms.  It  is  seen  only  in  one  specimen,  and 
in  this  but  faintly. 

The  arms  are  at  least  twice  as  long  as  the  diameter  of  the  disk, 
and  probably  considerably  more,  the  full  length  not  being  known. 

The  mouth-frames  are  homologous  with  the  ambulacral  ossicles  of 

^  Qoart.  Joum.  GeoL  Soc.  (read  May  9),  1888,  toL  xUy. 
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the  arms ;  they  are  about  three  times  as  long  as  brond  and  some- 
what spindle-shaped,  being  more  bulging  in  the  middle  than  in  P. 
leptosoma,  which  is  the  nearest  ally  of  this  species ;  the  margins  are 
entire  and  not  notched  as  in  that  species.  The  adumbulacral  elements 
in  the  "  oral  pentagons  "  probably  represent  the  jaw  and  jaw-plate ; 
the  former  is  long  and  narrow,  about  four  times  as  long  as  broad, 
and  slightly  curved  at  the  inner  end  (Fig.  3,  b) ;  the  jaw-plate, 
which  unites  the  jaw  to  that  of  the  adjoining  radius,  is  short  and 
thick ;  its  inner  surface  is  concave,  as  the  two  free  corners  extend 
somewhat  towards  the  centre  of  the  disk  (Fig.  4,  c).  Neither  buccal 
nor  dental  papillae  nor  teeth  are  shown. 

Each  arm  consists  of  a  series  of  pairs  of  ambulacral  ossicles 
(Fig.  2,  ao)  and  adambulaoral  plates  (Fig.  2,  /)  on  each  side  of  a 
median  ridge,  seen  on  the  abaotinal  surface  (Fig.  2,  d)  :  the  first 
apparently  represent  the  unfused  halves  of  the  ambulacral  or  verte- 
bral ossicles  of  Ophiun)ids ;  the  second,  the  lateral  or  adambulacral 
shields :  the  nature  of  the  median  ridge  is  doubtful ;  it  may  possibly 
represent  upgrowths  from  the  ambulacral  ossicles  comparable  to 
those  in  Brinnga,  or  it  may  have  some  connection  with  the  dorsal 
shields,  which  are  not  otherwise  indicated.  Seen  from  the  abactinal 
aspect,  the  ambulacral  ossicles  appear  thick  and  bluntly  oval,  with 
the  longer  axis  in  the  direction  of  the  arm,  and  placed  alternately  in 
the  concavities  of  the  sinuous  median  ridge ;   they  are  distinctly 

ButSKBiOHa, — Diameter  of  disk    12  idid. 

Diameter  to  the  extremities  of  the  oral  pentagons     ...  7  mm. 

Width  of  arm 2  mm. 

Length  of  ambulacral  oflsicles       1mm. 


•••         •••         •■• 
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EXPLAHATION  OF  THE   FlOURBS. 

Fig.  1.  Specimen  of  Frotasisr  briaingoidesy  abactinal  aspect;  nat  size.^  Fig.  2. 
Part  of  an  arm  from  the  same  specimen,  that  which  is  uppermost  in  Fig.  1 ; 
d.  median  ridge ;  a  o  ambulacral  ossicle,  /.  adambulacnu  plate :  x  4  aiam. 
Fig.  3.  The  oral  apparatus  from  another  specimen  in  whicn  the  disk  is  not 
riiown ;  b.  jaw,  c.  month-frame ;  x  4  diaoL  Fig.  4.  A  jaw-plate  and  distal 
ends  of  a  pair  of  jaws ;  x  8  diam. 

^  The  faxot  indication  of  a  disk  is  not  shown  in  the  figure,  but  can  be  delecle^m 
^  or  two  of  the  interradiL 
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alternate  in  the  arms,  bnt  in  the  disk,  which  includes  the  first 
three  pairs,  they  are  merely  subaltemate.  The  ambulaoral  ossicles 
are  much  thicker  than  those  of  other  species  of  Protaater,  and  they 
are  consequently  less  numerous.  They  are  separated  by  double 
concave  spaces,  which  served  for  the  passage  of  the  tube  feet  (or 
of  the  ampuUee,  if,  as  is  not  improbable,  the  tube  feet  were  arranged 
on  the  Asteroid  type).  The  adambulacral  plates  are  long  and  quad- 
rangular, running  parallel  to  the  arms,  each  slightly  longer  than  the 
corresponding  ambulacral  ossicle. 

The  actinal  aspect  of  the  arms  is  not  well  exposed  in  any  of  the 
specimens;  in  one,  however,  the  end  faces  of  the  adambulacral 
plates  are  seen,  as  at  their  aboral  extremities  they  curve  actinally. 

Neither  the  articular  facets  of  the  ambulacral  ossicles  nor  the 
arm  spines  are  shown. 

Locality  and  atratipraphieal  position. — The  specimens  were  found 
in  the  so-called  "Mayhill  Sandstone"  of  Moonee  Ponds,  Flemington, 
near  Melbourne ;  they  are  Upper  Silurian  in  age,  but  there  seems 
no  sufBcient  reason  for  regarding  the  beds  from  which  they  have 
been  derived  as  in  any  way  the  equivalent  of  our  Mayhill  Sandstone. 

The  rock  is  a  yellowish,  fine-grained,  micaceous  sandstone,  from 
which  all  calcareous  matter  has  been  dissolved,  so  that  the  fossils 
occur  only  as  casts  and  impressions  coloured  by  iron  oxide. 

AffiniiieB  of  the  species, — The  only  species  of  Protaster  for  which 
this  could  be  mistaken  is  P.  leptosoma,  Salter,  from  the  Leintwardine 
Flags  of  Ludlow ;  from  this,  however,  it  may  be  readily  distinguished 
by  the  shape  of  the  mouth-frames  and  of  the  ambulacral  ossicles. 

In  a  list  of  fossils  from  the  Upper  Silurian  rocks  of  Victoria, 
published  by  F.  M*Coy  in  1874,^  the  MS.  name  of  Tcsniaster  australis 
is  recorded  from  the  Upper  Yarra.  This  may  refer  to  the  species 
here  described,  which  at  first  sight,  in  specimens  that  do  not  show 
the  disk,  is  not  unlike  a  Icmiaster ;  in  the  absence  of  any  description 
of  M*Coy's  species,  it  is  quite  impossible  to  say  whether  such  is  the 
case,  and  as  the  specimens  do  not  come  ^om  the  same  locality, 
though  some  of  the  Asteroids  recorded  are  from  Moonee  Ponds,  it 
would  not  be  safe  to  adopt  M 'Coy's  manuscript  name.  It  serves, 
however,  to  remind  us  of  the  differences  of  opinion  as  to  the 
relations  of  Tasniaster  and  Protaster,  which  HalP  maintained  were 
very  closely  allied,  if  not  identical,  attributing  the  supposed  differ- 
ences between  them  to  errors  in  description  by  Salter.^  According 
to  the  original  description  by  Billings,^  Tceniaster  differed  from 
Protaster  in  the  absence  of  a  disk,  in  the  development  of  the  oral 
plates  from  the  adambulacral  plates  and  not  from  the  ambulacral 
elements,  and  in  that  the  pores  pass  through  the  spaces  between  the 

^  B.  B.  Smyth,  Progress  Reports,  GeoL  Surrey,  Victoria,  No.  1,  Melbourne, 
1874,  p.  34. 

>  J.  Hall,  20th  Regents  Report,  Albany,  1867,  pp.  293-4  and  300-1. 

'  J.  W.  Salter,  On  some  new  Palaeozoic  Starfishes,  Ann.  and  Mag.  Nat.  Hist.  ser. 
2,  vol.  XX.  1857,  pp.  330-2,  pi.  ix.  figs.  4  and  6  ;  and  Additional  Notes  on  some  new 
Pala}ozoic  Starfishes,  ser.  3,  vol.  yiii.  1861,  pp.  484-6,  pi.  xviii.  figs.  9,  10,  and  11. 

*  K.  Billings,  On  the  Asteriadae  of  the  Lower  Silurian  Rocks  of  Canada,  Canadian 
Ojjp.  Remains,  dec.  iii.  Montreal,  1868,  p.  80-1,  pi.  x.  figs.  8  and  4. 
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arobalacral  ossicles  and  the  two  adjoining  adambulacral  plates,  and 
not  through  the  body  of  the  arabulacral  ossicle  itself.  Hall  has 
claimed  to  have  discovered  traces  of  a  disc  in  Billings's  type 
specimens  of  TiBniaster^  and  if  so,  this  distinction  falls  to  the  ground ; 
hut,  in  regard  to  the  two  other  points,  the  collection  of  specimens  of  P. 
Milioni  in  the  British  Museum  Collection  confirm  the  correctness  of 
Salter's  views.  The  differences  are,  therefore,  valid  ones,  and  both 
genera  must  be  retained,  as  has  been  done  by  Zittel.  This  new  species 
differs  from  Taniaater  in  the  presence  of  the  disk,  though,  as  we  have 
seen,  this  distinction  may  possibly  not  hold  good,  and  in  the  structure 
of  both  arms  and  oral  pentagon.  It  undoubtedly  differs  from  the 
other  species  of  Protaaier  in  many  important  points  of  structure, 
and  herein  agrees  more  closely  with  Briainga  than  does  any  Prot- 
ophiuroid  yet  described;  to  mark  this  resemblance  the  specific 
name  has  been  given.  But  the  other  species  of  Protaater  differ 
among  themselves  in  equidly  important  points,  and  the  genus  is 
apparently  constituted  by  a  group  of  species  which  careful  revisioji 
and  further  knowledge  of  their  structure  would  probably  relegate  to 
more  than  two  distinct  genera.  The  necessity  for  such  a  revision 
has  been  recently  urged  by  Sturtz,*  and  to  this  with  a  discussion  of 
some  questions  in  their  anatomy  and  the  significance  of  some  points 
in  the  structure  of  P.  hriaingoideSf  I  hope  subsequently  to  return. 
Till  such  has  been  done,  it  seems  advisable  to  include  this  species  in 
the  comprehensive  genus  Protaater, 


VI.  —  Note   on  the    Genera    Tristtchius  and  Ptychacanjbus, 

AOASSIZ. 
By  Dr.  R.  H.  Traquair,  F.R.S.,  F.G.8. 

SOME  years  ago,'  in  showing  that  the  spines  supposed  by  Hancock 
and  Atthey  to  be  dorsal  spines  of  Oyracanthua  were  merely 
young  and  unworn  specimens  of  lateral  spines  of  the  same  genus, 
I  called  attention  to  the  general  fact  that  young  examples  of  Selachian 
spines  could  not  be  expected  to  represent  the  older  ones  in  miniature, 
and  vice  veraa. 

For  as  the  spine  increases  in  size  by  growth  at  the  base,  the  young 
one  is  consequently  represented  only  by  the  distal  portion  of  the 
adulL  And  as  in  the  process  of  growth,  differences  in  sculpture  and 
proportions  may  supervene,  the  general  characters  may  be  so  altered, 
that  if  the  distal  portion  be  lost  by  attrition,  the  old  and  young 
individuals  may  be  with  difficulty  recognizable  even  as  belonging 
to  the  same  genus. 

Such  an  instance  may,  I  think,  be  found  in  the  spines  named  by 
Agassiz  respectively  Triatychiua  areuatna  and  Ptychacanihua  aublavia, 
both  from  the  Lower  Carboniferous  rocks  of  Central  Scotland. 

In  very  yonng  specimens  of  the  former  the  surface  of  the  exserted 
portion  is  entirely  covered  with  longitudinal  ridges  and  sulci,  and 

^  B.  Starts,  Beitrag  znr  Eenntniss  palaeozoischer  Seesterne,  Palaeuntograpbica^ 
to!,  xxxii.  Stottoart,  1886,  p.  79. 
*  Ann.  and  jfiig.  Kal.  BmL  Mr.  6,  wL  nil  ISSi,  p.  37. 
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there  is  soaroely  any  posterior  area,  the  two  rows  of  marginal  denticles 
being  placed  close  to  each  other  and  alternating.  As  the  spine 
increases  in  length,  the  ridges  begin  to  drop  off  behind,  so  that  in 
examples  of  from  three  to  four  inches  in  length,  like  Agassiz's  type,^ 
only  the  tip  is  ridged  all  round,  while  three  ridges,  one  median  and 
two  lateral,  persist  beyond  the  other  along  the  front,  whence  the 
name  Tristychius.  Along  with  this  change  in  sculpture,  the  two 
posterior  rows  of  denticles  diverge  from  each  other,  and  a  well- 
marked  area  is  formed  between  them  as  in  CteHaeanthw, 

In  still  larger  spines  the  sulcated  tips  become  entirely  worn  off. 
leaving  only  the  three  anterior  ridges,  which  in  turn  also  finally 
disappear  in  examples  which  have  been  subjected  to  any  consider- 
able amount  of  wearing.  A  somewhat  short,  gently-ourved,  bluntly- 
pointed  spine  now  confronts  us,  destitute  of  ridges  or  sulci,  and  with 
the  surface  oovered  only  by  very  close  and  delicate  strisB.  Such 
spines  are  indistinguishable  from  Agassiz's  description  and  figure  of 
Fiychacanihiis  Buhlatisy^  of  which  the  original  seems  unfortunately 
to  be  lost,  for  although  Agassiz  states  that  it  belonged  to  Professor 
Jameson,  I  have  never  been  able  to  find  it  in  the  Edinburgh  Museum. 

Ptychaeanthus  aublcBvis  then  represents  to  my  mind  nothing  but 
an  adult  Triatyehius  arcvatua,  with  the  point  broken  off,  and  the 
general  surface  a  little  worn,  and  this  view  is,  I  consider,  not  only 
corroborated,  but  proved  by  a  series  of  specimens  of  undoubted 
Triatychiua  in  the  Edinburgh  Museum. 


I. — AmBLTPRISTIS      ChKOPS,    NOV.     GEN.     BT.    8P.,     AU8     DEM    EoOAEN 

Aeotptens.     By  Prof.  Dr.  W.  Dames.     Sitzungsb.  Ges.  naturf. 
Fr.  Berlin,  1888,  No.  6. 

THIS  paper  forms  an  interesting  contribution  to  our  knowledge  of 
the  fossil  vertebrate  fauna  of  Birket-el-Quriin,  in  Fajum,  for  which 
we  are  already  indebted  to  Dr.  Dames  (Sitzungsb.  konigl.  Akad. 
Wiss.  Berlin,  1883,  pt.  i.).  The  evidence  of  the  new  Saw-fish 
(Amblypristia  Cheopa)  consists  in  some  detached  rostral  teeth,  differing 
from  those  of  the  existing  Pristia  in  their  shortness  and  great  relative 
breadth.  One  example  is  figured  ;  and  Dr.  Hilgendorf  adds  a  brief 
note  on  the  structure  of  the  rostral  teeth  of  the  living  genus,  as 
compared  with  the  fossil. 

II. — On  some  Dbyoniam  Cbustaoea.     By  Bev.  G.  F.  Whidborne, 

M.A.,  F.G.S.' 

BESIDE  species  of  Crustaceans  already  described  from  Woul- 
borough  and  Lummaton,  several  new  species  are  found  there, 
as  the  following  :  Phacops  hatracheua,  which  differs  from  P.  fecundtis, 
Barr.,  in  the  rearward  position  of  the  eye  and  more  overhanging 
glabella;    Proettu   haiillua,   which   has   a  flatter  glabella  than   A 

^  Poiss.  Fobs,  tome  iii  tab.  la,  fig.  9-11. 

*  Op.  cit  tome  ill  tab.  5,  fig.  1-3. 

'  Eevised  abstract  of  paper  read  at  the  Britiah  Aieociation. 
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hohemietu,  Barr.,  more  anterior  eyes,  and  longer  cheek  spines; 
P.  sfibfrotitalis,  which  approaches  P.  frontalis,  Barr.,  hut  has  a  mtioh 
•quarer  glahella ;  P.  avdax,  which  is  like  P.  granuloavs,  Goklf.,  hut 
has  tnberculated  cheeks ;  Cyphaspis  oeellata,  like  C,  ceratophthalmtis, 
Sandh.,  hut  with  long  sharp  cheek  spines  ;  lAchas  devoniauua,  having 
a  wider  head  than  L.  Haueri,  Barr.,  larger  eyes  surrounded  hy 
tubercles,  and  a  more  arched  neck;  Acidaspis  Roherisii,  with  narrower 
cheeks  than  A.  laeerata,  Barr.  ;  A.  Mugheni,  with  a  bilobed  tail 
surrounded  by  a  flat  border  bearing  aciculate  spines;  Bronteus 
delieatusy  having  its  glabella  marked  with  transverse  lines,  and 
smaller  spots  than  in  S.  flabeJlifer,  Goldf. ;  B.  pardaHos,  which  is 
more  coarsely  tnberculated  than  B.  granulaius,  Goldf. ;  Entomts 
peregrina,  distinguishable  from  E,  tubfrosa,  Jones,  by  the  indistinct- 
ness of  its  nodule ;  and  Baetropus  deeorattiSf  dissimilar  from  B, 
lovgipes,  Barr.,  in  being  much  smaller  and  more  coarsely  striated. 

The  Cheirums  of  these  beds  is  not  Ch.  artieulaiua,  Miinst,  but 
a  new  species,  C.  Pengellii^  differing  from  it  in  the  shorter  front  lobe 
of  its  glabella.  The  true  B,  Jlabellifer,  Goldf,  occurs,  not  at  Woul- 
horough,  buC  at  Ghircombe  Bridge,  where  it  is  accompanied  by 
Dechenelia  setosa,  n.sp.,  differing  from  D,  Vemeuili,  Barr.,  in  having 
nineteen  segments  on  the  tail. 

III. — Cm    some   Devonian   Cephalopods   and   Gastbropobs.     By 

Rev.  G.  F.  Whidbornb,  M.A.,  F.G.S. 

THE  following  new  species  occur  at  Woulborough  or  Lummaton, 
or  in  the  case  of  some  of  the  Gasteropods  at  Chudleigh: 
Goniatites  obltquus,  a  large  shell  with  open  umbilicus,  flat  sloping 
sides  and  narrow  flat  back ;  Q,  psittacinus,  a  small  tumid  shell  with 
closed  umbilicus,  rounded  whorls,  slightly  curved  sutures;  G.  nuei* 
formis,  with  minute  umbilicus  and  much  broader  back  than  the 
preceding ;  G,  aratus,  a  flatter  shell  with  small  umbilicus,  and 
marked  with  four  angulated  sulci ;  G.  pentangulariSf  with  open  spire, 
inner  whorls  ribbed,  and  section  of  whorls  pentagonal ;  G,  Hvghesti, 
large  and  flat  with  closed  umbilicus,  evenly  rounded  back  and 
minutely  striated  surface ;  Cyrtoceras  Leei,  a  large  curved  conoidal 
form  with  more  irregular  and  dilate  lamellee  than  C.fimbriatum^  Ph. ; 
C.  pulcherrimumf  unlike  C,  reticulaiumy  Ph.,  in  having  tubercles  on 
the  shoulder  instead  of  ribs ;  C,  Vicariif  having  a  broader  section, 
and  much  fewer  tubercles  than  the  last ;  C  praclnrnm,  more  involute 
and  elliptical  than  the  last,  with  wider  mouth  and  oblique  ridges 
crossed  by  distant  striae ;  C,  mnjesticum,  large  and  smooth,  with  oval 
mouth,  narrow  chambers  and  imperfect  spire;  Hercoceras inomatumf 
differing  from  JE?!  subtuberculatum^  Sandb.,  in  being  smooth  ;  Ortho- 
ceras  haittatum,  more  conical  and  with  fewer  annulsa  than  0.  iubi* 
cinella,  Ph. ;  0.  Vicarii,  differing  from  0.  pulchellun,  F.  A.  Rom., 
in  being  round  and  not  oval  in  section  ;  0.  eomntum,  which  is  0. 
tuhicinella,  Sandb.,  not  Ph. ;  Fhragmoceras  vaaiformej  which  is 
ratber  less  convex  than  Ph,  subpyri/ormey  Mii. ;  Fh.  ungulatum,  small 
and  more  arched  than  0.  cornucopia^  Sandb.  ;  Ph,  Marri,  conical  and 
transversely  flattened,  approaching  G,  Conradi^  Barr.;  B.  mundus, 
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"With  broad  grooved  keel,  and  very  transyerse  kidney-shaped  mouth  ; 
^uomphaluB  feneatralia,  with  a  depressed  spire  and  three  ridges  cancel- 
lated by  numerous  rings;  Pleurotomaria  perversat  a  large  sinistral 
shell,  unlike  PL  expanaa,  Ph.,  in  having  spiral  strin,  a  deeper  suture, 
whorls  more  convex ;  PL  victrix,  which  has  an  elevated  spire,  angu- 
lated  whorls,  central  sinus  band,  and  a  few  spiral  strice;  PL  Chud- 
leighensis,  separated  from  the  preceding  in  having  its  spiral  ridges 
crenulated,  and  the  sinus  band  much  higher;  Littorina  devonaic, 
having  the  general  shape  of  Purpura  lapillua,  with  eight  spiral  rows 
of  tubercles  which  are  largest  near  the  suture ;  Monodonta  archon, 
very  large  and  trochiform,  with  flat  base  and. sides,  linear  suture  and 
oblique  growth-lines;  Phorus  philosophuB,  with  a  low  spire,  wide 
umbilicus  and  convex  whorls  bearing  fragments  of  broken  shells ; 
Macrocheilua  tumeacenSy  a  much  more  globular  form  than  M.  sub- 
co8iatu8,  Schlot ;  Turbo  Pengellii,  unlike  T.  subangulomu,  d*A.  and 
de  v.,  in  its  wider  flatness  above  the  shoulder ;  Loxonema  scala- 
roideSf  very  elongate,  with  its  convex  whorls  crossed  by  discontinuous 
varices ;  H,  duplisulcata,  differing  from  H.  tenuiaulcata  in  possessing 
a  series  of  subsidiary  strias ;  Acroculia  columbina,  a  wide  depressed 
form  with  fine  waving  longitudinal  markings ;  Metoptoma  cordata, 
like  M.  pileua,  Ph.,  but  with  loftier  umbo  and  more  angulated  mouth ; 
and  Chiton  papUio,  which  comes  midway  between  Ch.  corrugatus^ 
Sandb.,  and  Ch,  sagittalist  Sandb. 

The  above  are  accompanied  by  Orthoceraa  Oceani,  d*Orb.  (=0. 
cinctumf  Ph.),  0.  tenuiBtriatuB,  Mii.,  0.  subfustforme,  d*A.  and  de  Y., 
0.  regularia,  Mii.,  0.  aubarmularia.  Mil.,  B,  lineatua,  Goldf.  (=  B. 
striatus,  Ph.),  P.  bifida,  Sandb.  {^B.  Woodwardii,  Ph.),  Eu.  aerpuJa, 
de  Eon.,  Eu,  planorbia,  d'A.  and  de  V.,  Eu,  lama,  d*A.  and  de  V.,  Eu. 
rota,  Sandb.,  Eu,  decuaaatua,  Sandb.,  Eu.  germanua,  Ph.  sp.,  Eu,  caie- 
nulatua  {=.Eu.  aerpena.  Ph.,  Pal.  Foss.  ^g,  172,/.  and  g,  only),  PL 
UOrbigniana,  d'A.  and  de  V.,  PL  aubclathraia,  Sandb.,  PL  Louadalii, 
d*A.  and  de  Y.,  PL  delphinuloidea,  Schlot.,  PL  calculi formia,  Sandb., 
PL  trochoidea  {=PL  monilifera.  Ph.  Pal.  Foss.),  PL  diatxnguenda 
(=zPL  aapera,  Ph.  Pal.  Foss.),  N,  deformia,  Sow.,  N,  ptligeraf  Sandb., 
T.  mtdtiapira,  Sandb.?  Z.  purpura,  d'A.  and  de  Y.,  L,  aubcoatata, 
d'A.  and  de  Y.,  Scalaria  antiqua,  Mii.,  M,  8td>coatatua,  Schlot.  (==ilf. 
arculatiui,  Ph.,  and  M,  elongatua,  Ph.),  Scolioaioma  texatum,  Ph.  sp., 
8c,  gracile,  Sandb.,  Holopella  tenuicoatata,  Sandb.,  H,  tenuiaulcata, 
Sandb.,  H,  piligera,  Sandb.,  Acroculia  multiplicata,  Giebel,  and  A, 
proava,  Eichw. 

lY. — Not*  on  Gbaptolites  pbom  Dease  Eiveb,  B.C.*     By  Prof. 
Chables  Lapwobth,  LL.D.,  F.R.S.,  F.G.S. 

IN  June,  1887,  a  small  collection  of  Graptolites  was  obtained  by 
Dr.  G.  M.  Dawson  on  Dease  River,  in  the  extreme  northern  and 
inland  portion  of  British  Columbia,  about  lat.  59°  45',  long.  129°. 
These  fossils  were  derived  from  certain  dark-coloured,  carbonaceous 
and  often  calcareous  shales,  which  in  association  with  quartzites  and 

^  Beprinted  from  the  "  Canadian  Record  of  Science.'' 
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other  Tocksy  diaracterize  a  oonsidermble  are«i  on  tbe  lower  part  of  tho 
Deaae,  as  well  as  on  the  Lizard  River,  above  the  confliionoe.  The 
collection  referred  to  was  transmitted  by  Mr.  J.  F.  Whiteav«>s  to 
Pro£  Lapworth,  whose  special  studies  on  Graptolitt^s  ar^  well 
known.  It  is  believed  that  the  following  preliminary  note  by  Prof. 
Lapworth  will  be  of  interest,  as  the  occurrence  of  Graptolites  on 
the  Dease  River  extends  very  far  to  the  north-westward  of  otir 
previous  knowledge  of  the  occurrence  of  these  forms  in  North 
America.  In  1886  a  similar  small  collection  was  obtained  by 
Mr.  R.  G.  McConnell  near  the  line  of  the  Canadian  raoifio 
Railway,  in  the  Kicking  Horse  (Wapta)  Pass.  This  and  the  new 
locality  here  described  are  tbe  only  ones  which  have  yet  been  found 
to  yield  Graptolites  in  the  entire  western  portion  of  the  Dominion, 
Prof.  Lapworth,  under  date  December  13th,  writes  as  follows: — 
I  have,  to-day,  gone  over  the  6j)eoimens  of  Graptolites,  collected 
hy  Dr.  Dawson,  from  the  rocks  of  the  Dease  Hiver,  British  Colnnibiii. 
I  find  that  they  are  identical  with  those  examined  by  me  from  tho 
rocks  of  the  Kicking  Horse  Pass,  some  time  last  year.  The  species 
I  notice  in  the  Dease  River  collection  are  : 


JHplograptut  euglifphut,  Lapworth. 
Ctimaeoffraptm  eomp.  antiquutt  Lnpw. 
Crjfptograptus  trieornitf  Carra there. 


GlMsograptut  eiliatut,  EmmonN. 
JJidynutffraptut  cnmji  naffittanuM^  Hull. 
New  form  allied  to  Ca:nograptuB, 


These  Graptolite-bearing  rocks  are  clearly  of  about  Middlo 
Ordovician  age.  They  contain  forms  I  would  refer  to  tho  nt^MuutX 
or  Black  River  Trenton  period :  Le.  they  are  newer  than  tho  J'oint 
Levis  series,  and  older  than  the  Hudson  and  Utic^  groufm,  'llio 
association  of  forms  is  such  as  we  find  in  Britain  and  Wosterri 
Europe,  in  the  passage-beds  between  the  Llandeilo  and  (*tLrtu\fHi 
Limestones.  The  rocks  in  Canada  and  New  York,  with  which  iUijtUf 
Dease  River  beds  may  be  best  compared,  are  the  Marflk>tfin  b^dM  of 
the  St.  Lawrence  Valley,  and  the  Norman's  Kill  Wis  of  NVw  York, 
The  Dease  River  beds  may  perhaps  be  a  little  oldin'  than  iht^% 

Mr.  C.  White  described  some  Graptolit^  from  Wis  in  i\t^  ruouuUiu 
region  of  the  Weet,  several  years  ago,  whi^;b  may  Uirl/yng  U,  H,^  tthttHf 
horizon  as  the  Dease  River  zones,  thongh  they  have  a  it^/Hf^wt^tti 
more  recent  aspect. 

The  specific  identification  of  the  Desuie  Riv^  f/fmtU,  J  r^^^^/f  *« 
provisionaL  While  the  speciea  cr/mxyAid  \n'AA\y  wif  h  ii^fmn  P^mt^l 
in  their  eastern  cqaivalenta,  ih^  Lav^  #>!rrtain  Mf^li^rUUsm  wht^i, 
may,  after  further  sUidy,  or  on  the  4»#5ryv<»rfy  6f  }^ti%fj^  fg^^  f^^^ 
perfect  specimeiM*  l«d  to  thexr  wi^^Uju  «i  dMiuA  if^t^%  f^ 
varieties. 

It  is  exceediiig^j  inf^rfsdn^  v»  ia^  Crnc|//^'(f>ta  ia  a  f^^i^m  ^f  U* 
removed  from  the  Atkatie  Mro.  naA  \*-w,  *a  ft^/A  *Mt.  f9^  *yy/^jtl 
aftsociation  of  LianrkCo^BaU  jpwitn  toA  tp^^iMH  m  ^U;;  li^Mh^A 
practically  muBodified — G.  IL  II. 
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li  H  V  I  E  "W  8- 

I. — The  H16TOBY  OF  Volcanic  Action  during  the  Tebtiaby 
Period  in  the  British  Isles,  fiy  Archibald  Geikib,  LL.D., 
F.R.S.,  Director-General  of  the  Geological  Survey  of  the  United 
Kingdom.  (Transactions  of  the  Royal  Society  of  Edinburgh, 
vol.  XXXV.  1888,  pp.  2M84,  with  2  Maps  and  53  Woodcuts. 
Reprinted,  4to.  Edinburgh,  R.  Grant  k  Son.     Price  18«.) 

THE  work  before  us,  probably  the  most  important  of  the  original 
papers  by  the  author,  must  be  read  by  every  one  devoted  to  the 
special  study  of  volcanic  action  ;  at  the  same  time  it  contains  results 
of  such  high  interest  to  all  geologists,  that  in  due  course  it  will 
doubtless  be  regarded  as  one  of  the  '  classic '  memoirs  of  this  prolific 
ago. 

At  the  outset  the  author  gives  a  brief  sketch  of  the  labours  of 
previous  observers.  Foremost  among  these  was  Macculloch,  and  of 
his  great  work  on  the  Western  Islands  of  Scotland,  Dr.  Geikie  says, 
"  Few  single  works  of  descriptive  geology  have  ever  done  so  much 
to  advance  the  progress  of  the  science  in  this  country."  It  is 
pleasant  to  see  the  labours  of  the  pioneers  so  fully  acknowledged, 
and  in  reference  to  Ami  Boue,  who  published  in  1820  his  Essai 
giologique  8ur  VEcossef  it  is  remarked  that  "  the  value  of  this  work  as 
an  original  contribution  to  the  geology  of  the  British  Isles  has 
probably  never  been  adequately  acknowledged." 

From  time  to  time  during  the  past  30  years  Dr.  Geikie  has  pub- 
lished the  results  of  his  own  observations  on  the  volcanic  rocks  of 
Scotland,  but  it  was  not  until  1879  that  he  "  appreciated  for  the  first 
time  the  significance  of  Richthofen's  views  regarding  <  massive  *  or 
'fissure-eruptions,'  as  contradistinguished  from  those  of  central 
volcanoes  like  Etna  or  Vesuvius ; "  then,  however,  when  traversing 
some  portions  of  the  volcanic  region  of  Wyoming,  Montana,  and 
Utah,  he  "  saw  how  completely  the  structure  and  history  of  these 
tracts  of  Western  America  explain  those  of  the  basalt-plateaux  of 
Britain." 

In  the  mean  time  an  elaborate  Memoir  by  Prof.  Judd  on  the 
Ancient  Volcanoes  of  the  Highlands  was  read  before  the  Geological 
Society  of  London ;  and  it  is  important  to  notice  that  the  conclusions 
of  Dr.  Geikie  are  to  a  very  large  extent  at  variance  with  those  of 
Prof.  Judd.  The  latter  had  recognized  the  basal  wrecks  of  five 
great  central  volcanoes  in  the  Western  Islands ;  whereas  Dr.  Geikie 
has  not  been  able  to  discover  evidence  of  any  great  central  volcanoes, 
and  has  found  the  order  of  outflow  of  the  successive  groups  of  rocks 
to  have  been  the  reverse  of  what  Prof.  Judd  believed  it  to  be. 

In  the  present  memoir  Dr.  Geikie  commences  his  history  of 
volc€Uiic  action  with  an  account  of  the  basic  dykes,  which  traverse 
so  large  a  part  of  Scotland,  and  extend  also  into  the  North  of  Ireland, 
the  Isle  of  Man,  and  the  North  of  England.  Of  these  dykes,  that 
in  Cleveland  is  one  of  the  best-known  English  examples.  The 
author  then  describes  the  great  volcanic  plateaux,  which,  in  npite  of 
Tast  denudation,  still  survive  in  extensive  fragments  in  Antrim  and 
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the  Inner  Hebrides.  The  eraptive  bosses  of  basic  rooks  that  have 
bn>ken  through  the  plateaux  are  next  discussed,  and  then  an  account 
is  given  of  the  protrusions  of  acid  rocks  that  mark  the  latest  phase 
of  emption  in  the  region. 

Finally,  the  leading  features  in  the  history  of  Tertiary  volcanic 
action  in  the  British  Isles  are  summarized  by  Dr.  Geikie,  whose 
words  we  quote  as  far  as  possible  in  our  condensed  account  of  his 
views. 

The  earliest  beginnings  of  the  volcanic  disturbances  may  possibly 
go  back  into  the  Eocene  period,  and  the  final  manifestations  may  not 
have  ceased  until  Miocene  times,  or  perhaps  later. 

These  disturbances  originated  from  a  vast  subterranean  lake  or 
lea  of  molten  rock,  which  ap{)eared  beneath  the  volcanic  region  as 
it  underwent  elevation.  Enormous  horizontal  tension  arose,  and  a 
system  of  approximately  parallel  fissures  opened  in  the  terrestrial 
crust,  having  a  general  direction  towards  N.W.  The  majority  of 
the  fractures  did  not  reach  to  the  surface  of  the  ground,  though 
probably  not  a  few  did  so.  No  sooner  were  the  fissures  formed  than 
the  molten  lava  underneath  was  forced  upward  into  them  for  many 
hundred  or  even  thousands  of  feet  above  the  surface  of  the  sub- 
terranean lava-sea.  Solidifying  between  the  fissure-walls,  the  lava 
formed  the  numerous  basic  dykes  that  constitute  the  widespread  and 
distinctive  feature  of  the  volcanic  region. 

Where  the  fissures  reached  the  surface  or  near  to  it,  the  molten  rock 
sought  relief  by  egress  in  streams  of  lava,  of  which  abundant  remains 
are  still  left  in  the  basalt- plateaux  of  Antrim  and  the  Inner  Hebrides. 

In  some  places,  the  accumulated  pile  of  such  ejections,  which 
include  layers  of  fine  tuff,  etc.,  even  now  exceeds  3000  feet.  The 
surface  over  which  the  lava  flowed  seemed  to  have  been  mainly 
terrestrial,  for  here  and  there,  between  the  successive  sheets  of  basalt, 
the  remains  of  land-plants  and  also  of  insects  have  been  discovered. 

Subsequently  there  uprose  at  certain  points,  coarsely  crystalline 
baftic  rooks,  which  solidified  as  dolerites,  gabbros,  etc. 

Probably  long  after  the  eruption  of  the  gabbros,  a  renewed  out- 
break of  subteiTanean  activity  gave  rise  to  the  protrusion  of  rocks 
of  a  markedly  acid  type.  They  include  varieties  that  range  from 
felsites  through  porphyries  and  granophyres  into  granite. 

Around  the  bosses  of  gabbro  and  granophyre,  the  bedded  basalts 
have  undergone  considerable  contact-nietamorphism  ;  and  it  is  inte- 
resting to  learn  that  the  former  precisely  resemble  rocks  of  similar 
kinds  in  Palaeozoic  and  Archsean  formations. 

Ultimately  another  system  of  bnsic  dykes  was  formed ;  dykes  which 
cross  those  of  earlier  date,  and  rise  through  the  other  volcanic  rocks. 

We  have  passed  over  the  more  detailed  portions  of  this  work, 
contenting  ourselves  with  pointing  out  the  leading  conclusions  of 
the  author.  These  are  indeed  based  on  extensive  microscopic  in- 
vestigations of  the  rocks,  as  well  as  on  the  more  important  field- 
work.  Further  particulars,  however,  of  the  micro»coj)ic  petrography 
are  promised  in  a  future  memoir  on  the  subject,  by  Dr.  F.  H.  Hatchf 
whose  assistance  is  cordially  acknowledged  by  the  author. 
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II. — A  Bibliography  of  the  Foramivifkra,  Eeobnt  and  Fossil, 
FROM  1666  to  1888.  By  C.  D.  Shkrborn,  F.G.S.  8vo.  pp.  vi. 
and  162.     (London,  Dulau  &  Co.,  1888.) 

IN  the  July  Number,  1887,  of  the  Geol.  Mao.,  at  p.  324,  we 
briefly  criticized  a  "Bibliography  of  the  Forarainifera,"  by 
Prof.  Anthony  Woodward  ;  and  we  regretted  to  point  out  some  of 
its  errors  and  shortcomings.  We  can  now  congratulate  Rhizopodists 
on  the  publication  of  a  good  catalogue  of  all  the  books  and  memoirs 
treating  of  Foraminifera  that  have  appeared  during  more  than  the 
last  three  centuries.  The  little  shelled  Protozoans  under  notice, 
always  either  quaint  or  elegant  in  form,  and  offering  an  interminable 
series  of  varied  shapes  to  the  microscopist,  and  highly  interesting 
subject-s  of  research  to  the  biologist,  have  been  treated  of  in  hundreds 
of  works  with  more  or  less  exactness,  and  illustrated  by  thousands 
of  plates  of  very  different  values.  The  bibliographies  hitherto  given 
to  the  public,  within  the  last  forty  years,  have  been  more  or  less 
useful  as  clues  in  the  finding  of  some  desiderata ;  but  have  often 
disappointed  the  student,  or  left  him  vaguely  conscious  that  more  or 
better  work  had  been  done  in  his  line  of  research.  If  really  desirous 
of  learning  what  others  have  worked  out,  and  of  comparing  the 
results  of  those  who  have  preceded  him,  he  now  has  good  aid  in  his 
search,  and  has  no  excuse  should  he  ignore  earlier  workers. 

Having  entered  on  the  study  of  Foraminifera,  and  finding  it 
necessary  to  master  their  bibliographic  history,  in  making  tables 
and  catalogues  of  the  multitudinous  genera  and  species  already  re- 
corded, Mr.  C.  D.  Sherboiii  evidently  found  existing  bibliographies 
too  imperfect  for  the  purpose,  and  therefore  consolidated  and  aug- 
mented the  several  lists,  which  books  and  friends  supplied,  as  fully 
explained  in  his  Preface.  The  result  is  this  excellent  Bibliography 
before  us,  which  has  been  earnestly  and  conscientiously  carried  out, 
with  scrupulous  exactness  as  to  dates  and  titles  of  books  and 
memoirs,  the  places  of  publication,  the  life-dates  of  the  authors 
(when  obtainable),  and  a  definite  uniformity  in  quoting  periodicals 
and  transactions,  which  especially  is  as  valuable  as  it  is  rare,  llie 
frequent  notes  relative  to  some  rare  and  other  publications  are 
of  great  value  :  and  the  enumeration  of,  or  remarks  on,  the  illustra- 
tions seem  to  intimate  that  the  author  of  this  "  Bibliography  "  could 
supply  an  index  of  genera  and  species,  very  many  of  which  are 
notoriously  synonymous,  having  been  determined  and  published 
without  due  regard  to  previous  publications. 

Mr.  Sherbom  has  adopted  the  plan  of  enumerating  the  authors 
(about  700)  in  alphabetical  order,  and  the  works  of  each  in  order  of 
date  (about  2000),  with  cross-references.  Of  the  books  and  papers 
thus  mentioned  only  about  20  are  noted  as  not  having  been  seen,  with 
such  care  and  exactness  has  the  work  been  carried  out.  There  is 
a  very  short  list  of  errata  in  the  book,  and  scarcely  any  others  can 
be  found  even  after  a  considerable  use  of  this  valuable  Bibliography. 
Strata  of  various  ages  have  yielded  so  many  Foraminifera  that  the 
geological  formations  are  frequently  mentioned  in  connection  with 
them  in  the  titles  and  pages  of  the  books  and  memoirs  here  enumerated ; 
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henoe  the  (Geologist,  as  well  as  the  Biologist,  has  an  interest  in  tYus 
Biblic^praphy,  which  we  cordially  recommend  to  hoth  as  highly 
necessary  in  their  researches. 

in. — Tabular  Index  to  the  Upper  Cretaceous  Fossils  of  Eng- 
land AND  Ireland,  cited  hy  Dr.  Charles  Barrois  in  his  **  De- 
scription Oeologique  de  la  Craie  de  Tile  de  Wight/*  Paris,  1875, 
and  "  Recherches  sur  le  Terrain  Cretao6  Superieur  de  TAngleterre 
etdel'Irlande,"  Lille,  1876.  By  E.  Wkstlake,  F.G.S.  4to.pp.24 
(Fordingbridge,  Mitchell,  1888.) 

THIS  tabular  list  giyes  the  geological  distribution  in  the  different 
zones  of  the  Cenomanian,  Turonian  and  Senonian  divisions,  of 
405  species  of  Cretaceous  fossils,  referred  to  in  the  above-named 
works  of  Dr.  Barrois ;  and  also  references  to  the  localities  where 
they  occur.  It  appears  to  have  been  very  carefully  compiled,  and 
shoald  prove  of  very  material  assistance  to  all  workers  in  the 
Cretaceous  rocks  of  this  and  other  countries. 
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L— Xovember  7, 1888.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  "The  Permian  Rocks  of  the  Leicestershire  Coal-field."  By 
Horace  T.  Brown,  Esq.,  F.G.S. 

The  author  considers  that  whilst  rocks  belonging  to  the  Car- 
boniferous  and  Trias  have  been  mappe^l  as  Permian,  true  represen- 
tatives of  the  Permian  do  exist  in  the  district  to  a  considerable 
extent  The  Bunter  conglomerates  rest  for  the  most  part  upcin  the 
tnmcated  edges  of  Carboniferous  strata ;  but  intercalated  Ijetwr^n 
them  and  the  Carboniferous,  at  various  points,  are  thin  lied<i  of 
purple  marly  breccias  and  sandstones  seldom  excee^ling  from  30 
to  40  ft,  but  differing  in  lithological  character  from  thn  overlying 
and  onderlyin^  rocks.  The  breociated  series  rests  with  striking 
nnconformity  upon  the  Carboniferous.  Moreover,  the  BofAhorim 
fault,  which  throws  the  Coal-measures  1000  ft,  aff^ts  tlie  over- 
lying breociated  series  to  an  extent  of  not  more  than  from  20  to 
30  ft.  The  nnconformity  between  the  breociated  i«ri^  and  tlie 
Banter  is  less  obvioos.  Sections  establishing  the  donble  unc^/n- 
forraity  were  described  in  considerable  detail.  AUhntum  was  aljio 
called  to  other  localities  within  the  C<Al-field  whei^  P^rrmisn  rockn 
exist,  the  aatbor  having  in  many  cases  mapped  th^ir  l/>«indan4S. 

He  further  called  attention  to  certain  be^ls  wbicti  bav«;  l^<t^j 
OToneonsly  daased  as  Permian  liy  thm  .Snrv^y.  T>i4  Bntt  tA  i\»^f^ 
18  a  patch  at  Knowle  Hillsi  Making  ez^^A-^ive  n^  ^4  t\»*s  }^h4' 
borer,  he  found  that  the  gRater  part  cf  th<?  w^^\*A  V^ittui^t 
ooniifts  of  a  ^iredge^slia|Md  pKce  of  L/zw^rr  K^^^st  >^  '^own  \tj 
*  trougfa  faalt.  Tlie  9f><g^\if\  ^'at\  %fC!Jk  tA\^m%  v,  ^A  :k,tt  or>7,' 
^onaable  with  tbe  ofdisaij  Cc«i'ift«aMir«i  of  tut  4sjtftr/^.« 
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The  lithologioal  obaraoters  of  the  Leicestershire  Perroians  is 
sufficient  to  differentiate  them  from  the  Trias  and  Carboniferous. 
They  consist  of  red  and  variegated  marls,  bands  of  breccia,  and 
beds  of  fine-grained  yellowish  sandstone;  the  breccia  fragments  are 
of  great  variety  and  little  waterwom.  These  are  imbedded  in  a 
bluish-grey  matrix,  hard  or  soft,  which  consists  of  insoluble  matter 
united  by  the  carbonates  of  lime  and  magnesia  with  some  hydrated 
ferrous  oxide,  which  on  exposure  becomes  oxidized. 

The  breccias  have  a  tendency  to  die  out  northwards.  The  most 
abundant  materials  are  quartzo-felspathic  grits  with  associated  grey 
flinty  slates  (Older  Paleeozoic),  with  in  addition  vein-quartz,  volcanic 
ash,  and  igneous  rocks,  llie  Carboniferous  rocks  afford  argillaceous 
limestone,  Mountain  Limestone,  grits,  and  haematite.  At  Boothoqie 
nearly  90  per  cent  is  made  up  of  the  old  Palaeozoic  material,  whilst 
at  Newhall  Park  28-8  per  cent  consists  of  Carboniferous  grits  and 
haematite.  The  quartzite  fragments  resemble  those  of  the  lower 
part  of  the  Hartshill  series,  but  the  existence  of  **  strain  shadows  " 
indicates  a  difference  subsequently  explained.  A  very  few  frag- 
ments may  be  referred  to  the  Charnwood  rocks. 

The  bulk  of  the  material  has  a  southern  origin,  and  the  irregu- 
larity of  the  fragments  proves  that  they  cannot  have  come  from  a 
distance.  Evidence  is  given  of  the  probable  existence  of  a  ridge  of 
older  Palaeozoics,  from  which  the  Carboniferous  rocks  had  been 
stripped,  beneath  the  Trias  of  Bosworth.  (There  is  an  actual 
outcrop  of  Stockingford  shales  at  Elmesthorpe.)  The  direction  of 
this  line  is  parallel  with  the  Kuneaton-Hartshill  and  Charnwood 
axes  of  elevation,  and  also  with  the  general  direction  of  the  major 
folds  and  faults  of  the  Leicestershire  Coal-field.  The  northern  part 
of  this  ridge,  which  is  apparently  a  faulted  anticlinal,  is  a  very 
probable  source  of  the  angular  fragments  occurring  in  the  Permian 
breccias  5  or  6  miles  to  the  north-west. 

The  author  concluded  that  the  Permian  rocks  of  the  Leicestershire 
Coal-field  belong  to  the  Fame  area  of  deposition  as  those  of  War- 
wickshire and  South  Staffordshire,  all  having  formed  part  of  the 
detrital  deposits  of  the  Permian  Lake  which  extended  northwards 
from  Warwickshire  and  Worcestershire,  and  which  had  the  Pennine 
chain  on  its  eastern  margin.  He  pointed  out  the  dissimilar  nature 
of  these  deposits  to  those  of  the  eastern  side  of  the  Pennine  chain 
from  Nottingham  to  the  coast  of  Durham.  There  were  proofs  of  the 
existence  of  a  land  barrier,  owing  to  the  uprising  of  the  Carboniferous, 
between  the  district  round  Nottingham  and  the  Leicestershire  Coal- 
field. The  most  northerly  exposure  of  the  Leicestershire  Permians 
is  13  miles  S.W.  of  those  of  South  Notts.  He  indicated  the  probable 
course  of  the  old  coast- line  of  the  western  Permian  Lake.  Denudation 
had  bared  some  of  the  older  Palaeozoics  of  their  overlying  Coal- 
measures,  and  it  is  the  rearranged  talus  from  the  harder  portions  of 
these-  older  rocks  which  now  form  the  brecciated  bands  in  the 
Leicestershire  Permian. 

In  an  A  ppendix  some  igneous  rocks  found  in  the  Bosworth  borings 
were  described. 
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2.  "  On  the  Saperfioial  Geology  of  the  Central  Platean  of  North* 
weBtem  Canada.''  By  J.  B.  Tyrrell,  Esq.,  B.A.,  F.Q.S.,  Field 
Geologist  of  the  G^logioal  and  Natural  History  Survey  of  Canada. 

The  Drift-oovered  prairie  extends  from  the  west  side  of  the  Lake 
of  the  Woods  to  the  region  at  the  foot  of  the  Rocky  Mountains^ 
rising  from  a  height  of  800  feet  on  the  east  to  4500  feet  on  the  west, 
the  gentle  slope  being  broken  by  two  sharp  inclines  known  as  the 
Pembina  Escarpment  and  the  Missouri  Coteau,  giving  rise  to  the 
First,  Second,  and  Third  Prairie  Steppes. 

The  author  described  the  older  rocks  of  this  region,  referring 
especially  to  his  subdivision  of  the  Laramie  Formation  into  an 
Edmonton  Series  of  Cretaceous  age,  and  a  Pascapoo  Series  forming 
the  base  of  the  Eocene,  and  then  discussed  the  Superficial  Deposits 
in  the  following  order  :^ 

1.  Pregladal  graveh  occurring  along  the  foot  of  the  Rocky 
Mountains,  composed  of  waterwom  quartzite  pebbles,  similar  to 
those  now  forming  and,  like  them,  produced  by  streams  flowing  from 
the  mountains. 

2.  Boulder 'day  or  Till,  having  an  average  thickness  of  50-100 
feet,  and  filling  up  pre-existing  inequalities.  The  clay  is  essentially 
derived  from  the  material  of  the  underlying  rocks.  The  smoothed 
and  striated  boulders  of  the  western  region  are  largely  quartzites 
derived  from  the  Rocky  Mountains  ;  these  gradually  disappear 
towards  the  east,  and  are  replaced  by  gneisses  and  other  rocks 
transported  from  the  east  and  north-west  Towanls  the  north-west 
several  driftless  hills  over  4000  feet  high  appear  to  have  stood  as 
islands  above  the  sheet  of  ice.  Some  of  the  surfaoe  erratics  of 
gneiHsose  rock  have  doubtless  been  derived  from  the  Till,  whilst 
others  are  connected  with  moraine  deposits,  and  others,  again,  appear 
to  have  been  dropped  from  bergs  floating  in  seas  along  the  ice-front. 
The  Till  is  sometimes  divisible  into  a  lower  massive  and  upper 
rather  stratified  deposit,  separated  occasionally  by 

3.  Interglaeial  Deposits  of  stratified  material,  with  seams  of  im- 
pure lignite,  and  shells  of  Pisidium,  Ltmuan,  FlanorhiSf  etc. 

4.  Moraines,  which  are  intimately  associated  with  the  Boulder-clay, 
and  represent  terminal  moraines  of  ancient  glaciers  which  originated 
upon  or  crossed  the  ArchsBun  belt.  One  of  these  is  the  well-known 
Missouri  Coteau. 

After  pointing  out  the  derivation  of  quartzite  pebbles  in  the  drifts 
of  the  eastern  region  from  Miocene  conglomerates,  and  not  directly 
from  the  Rocky  Mountains,  the  author  described 

5.  llie  Karnes  or  Asars  generally  occurring  at  the  bottoms  of  wide 
valleys,  and  which  resemble  in  structure  those  of  Scandinavia. 

6.  Stratified  Deposits  and  Beach-ridges  which  have  been  formed 
at  the  bottoms  and  along  the  margins  of  freshwater-lakes  lying 
along  the  foot  of  the  ice-sheet  The  principal  of  these  occupied  the 
valley  of  the  Red  River,  and  has  been  called  Lake  Agassiz  ;  it  had  a 
length  of  600  miles  and  a  width  of  170  miles.  The  author  described 
in  detail  the  gravel  terraces  formed  around  this  lake,  and  showed 
that  a  slow  elevation  had  taken  pl&oe  towards  the  noTt\i  and.  ^sauX. 
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Bince  their  formation.  He  favoured  the  view  that  the  waters  of  the 
lake  were  dammed  hy  the  ice  towards  the  north.  An  aocount  was 
given  of  some  quartzite  flakes,  apparently  chipped  by  human  agency, 
in  one  of  the  terraces  of  this  lake.  On  the  recession  of  the  ice  the 
southern  drainage-channel  was  abandoned,  and  a  northerly  one 
opened  out. 

7.  Old  Drainage-ehanneh, — ^Throughout  the  whole  region  old  drain- 
age-channels  appear  to  have  been  occupied  by  southerly  running 
rivers  (where  the  present  drainage  is  northerly),  and  are  considered 
to  have  carried  away  the  waters  draining  from  the  foot  of  the  ice. 
iSome  of  these  valleys  have  been  blocked  by  moraines  in  the  Duck 
Mountains,  the  result  of  local  glaciers. 


n.— November,  21,  1888.— W.  T.  Blanford,  LL.D.,  F.R.S.,  Presi- 
dent,  in  the  Chair. 

W.  Whitaker,  Esq.,  B.A.,  F.R.S.,  F.Q.S.,  who  exhibited  a  series 
of  specimens  from  the  deep  boring  at  Streatham,  made  some  remarks 
upon  the  results  obtained,  of  which  the  following  is  an  abstract : — 

After  passing  through  10  feet  of  gravel,  etc.,  163  of  London  Clay, 
88^  of  Lower  London  Tertiaries,  623  of  Chalk  (the  least  thickness 
in  any  of  the  deep  borings  in  and  near  London),  28^  of  Upper 
Greensand,  and  188^  of  Gault,  at  the  depth  of  108l|  feet  hard 
limestone,  mostly  with  rather  large  oolitic  grains,  was  met  with. 
This,  with  alternations  of  a  finer  character,  sandy  and  clayey,  lasted 
for  only  38|  feet,  being  much  less  than  the  thickness  of  the  Jurassic 
beds,  either  at  Richmond  or  at  Meux's  Boring.  The  general  character 
of  the  cores  showed  a  likeness  to  the  Forest  Marble,  and  the  occurrence 
of  Ostrea  acuminata  agreed  therewith. 

At  the  depth  of  1120  feet  the  tools  entered  a  set  of  beds  of  much 
the  same  character  as  those  that  had  been  found  beneath  Jurassic 
beds  at  Richmond,  and  beneath  Gault  at  Kentish  Town  and  at 
Crossness.  The  softer  and  more  clayey  components  were  not  brought 
Tip ;  the  harder  consist  of  fine-grained  compact  sandstones,  greenish- 
gi*ey,  sometimes  with  purplish  mottlings  or  bandings,  and  here  and 
there  wholly  of  a  dull  reddish  tint.  With  these  there  occur  bard, 
clayey,  and  somewhat  sandy  beds,  which  are  not  calcareous,  whilst 
most  of  the  sandstones  are.  Thin  veins  of  calcite  are  sometimes  to 
be  seen,  and  at  others  small  concretionary  ccdcareous  nodules  ;  but 
no  trace  of  a  fossil  has  been  found. 

The  bedding  is  shown,  both  by  the  bands  of  colour,  and  by  the 
tendency  of  the  stone  to  fracture,  to  vary  generally  from  about  20° 
to  30°. 

In  the  absence  of  evidence  it  is  hard  to  say  what  these  beds  are, 
and  the  possibilities  of  their  age  seem  to  range  from  Trias  to  De- 
vonian. It  is  to  be  hoped  that  this  question  may  be  solved,  as  on 
it  depends  that  of  the  possibility  of  the  presence  of  Coal-measures  in 
the  district ;  and  Messrs.  Docwra,  the  contractors  of  the  works,  Lave 
with  great  liberality  undertaken  to  continue  the  boring  operations  at 
their  own  expense  for  at  least  another  week. 

Details  of  the  section  will  be  given  in  a  forthcoming  Geological 
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Surrey  Memoir,  in  which,  moreover,  the  subject  of  the  old  rocks 
under  Lfondon  will  be  treated  some  what  fully. 
The  following  ooinmanicatious  were  read  : — 

1.  "  Notes  on  the  Remains  and  Affinities  of  five  Genera  of  Meso- 
loic  BeptUes."     By  R  Lydekker,  Esq.,  fi.A.,  F.G.S. 

This  paper  was  divided  into  five  sections.  In  the  first  the  author 
described  the  dorsal  vertebra  of  a  small  Dinosaur  from  the  Cambridge 
Greensand,  which  he  regarded  as  probably  identical  with  the  genus 
8j/ngono9auru$,  Seeley.  Reasons  were  then  given  for  regarding  this 
form  as  being  a  member  of  the  Scelidosauridte,  stress  being  laid  on 
the  absence  of  a  costal  facet  on  the  centrum. 

The  second  section  described  an  axis  vertebra  from  the  Wealden 
of  the  Isle  of  Wight,  which  is  evidently  Dinosauriau,  and  may  possibly 
belong  to  Megalosanrus.  It  is  remarkable  for  exhibiting  an  inter- 
oentrum  on  its  anterior  aspect,  and  also  for  the  absence  of  anchylosis 
between  its  centrum  and  that  of  the  atlas. 

In  the  third  section  the  femur  of  a  small  Iguanodont  from  the 
Oxford  Clay,  in  the  possession  of  A.  R.  Leeds,  Esq.,  was  described. 
This  specimen  agrees  with  Hypailophodan  and  Camptoaaurus  in  its 
pendent  inner  trochanter,  and  it  was  referred  to  the  latter  genus  as 
C\  Leedsi,  It  is  also  con8idei*ed  to  be  closely  allied  to  Iguanodon 
Prestufichi — the  type  of  Cwmnortaof  Seeley— which  is  also  considered 
to  belong  to  the  American  genus.  The  name  Camptosaurua  valdensia 
was  applied  to  an  allied  form  from  the  Wealden  ;  and  the  name 
Cryptodraco  proposed  to  replace  Cryptoanurua, 

The  imperfect  skeleton  of  a  Sauropterygian  from  the  Oxford  Clay 
near  Bedford,  which  formed  the  subject  of  a  previous  comrauuication, 
was  redescribed.  This  specimen  was  identified  with  Pleaioaaurua 
philarchua,  Seeley,  which  it  was  proposed  to  refer  to  a  new  genus 
under  the  name  of  Peloneuatua.  This  genus  was  shown  to  be  allied 
to  Plioaanrua,  and  to  be  represented  by  forms  in  the  KirameriJge 
Clay  which  have  been  described  as  Pleaioaaurua  aqualia  and  P.  ate- 
nodtrua.  It  was  also  compared  with  the  genua  Thaumatoaauruaf 
Meyer,  from  which  Rhomaleoaaurua  of  Seeley  was  considered  in- 
separable. Some  remarks  are  added  on  other  Sauropterygian s ;  and 
it  was  proposed  to  adopt  the  name  CimoUoaaurua  for  all  the  forms 
having  a  pectoral  girdle  of  the  type  described  under  the  names  of 
Elaamoaaurua  and  Colymhoaaurua,  and  with  single  costal  facets  to 
the  cervical  vertebrae. 

The  paper  concluded  with  a  notice  of  the  affinities  of  the  Croco- 
dilian genus  Geoaaurua,  This  form  was  6hown  to  be  closely  allied  to 
Metrtorhynchua,  both  being  characterized  by  the  absence  of  dermal 
scutes  and  the  presence  of  bony  plates  in  the  sclerotic.  It  was  also 
shown  that  some  of  the  species  of  Cricoaaurua  belong  to  the  former 
gt^nus ;  while  there  appear  to  be  no  grounds  by  which  Dacoaaurua 
(Pleaioauehua)  can  be  separated  from  the  same. 

2.  **  Notes  on  the  Kadiolaria  of  the  London  Clay."  By  W.  H. 
Shrubsole,  Esq.,  F.G.S. 

Microsoopical  examination  of  the  London  Clay  of  Sheppey  and 
elsewhere  has  a£forded  proof  of  the  existence  of  a  Diatomaceouts  zone 
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near  the  base  of  tbe  formation.  The  formation  of  a  well  for  the 
Queenhorough  Cement  Company  in  1685  was  the  means  of  furnish- 
ing a  laminated  clay  with  glittering  patches  of  Diatoms  from  a  depth 
of  226  feet  In  this  were  also  found  fairly  good  pyritized  specimens 
of  Eadiolaria,  some  of  which  were  submitted  to  Prof.  Ernst  Hackel, 
who  found  a  large  number  of  fragments  of  Tertiary  Eadiolaria,  but 
few  well-preserved  specimens  appertaining  to  the  families  SphsB- 
roidea,  Discoidea,  and  Cyrtoidea,  and  apparently  identical  with 
those  described  from  the  Tertiary  Tnpoli  beds  of  Grotte.  No  new 
species  occurred  among  the  recognized  forms. 

Sketches  made  by  Mr.  A.  L.  Hammond  were  also  submitted  to 
Prof.  Hackel,  who  stated  that  these  forms  were  not  identical  with 
any  known  species,  recent  or  fossil. 

The  author  described  the  following  new  species : — Comutella 
Eammondit  Spongodiscus  asper,  and  Monosphara  ioliaptca. 

The  specimens  were  preserved  in  iron-pyrites. 

Some  Tetractinellid  sponge-spicules  from  the  washings  were 
recognized  by  Prof.  SoUas. 

3.  "  Description  of  a  New  Species  of  Clupea  ( C,  veetensis)  from 
Oligocene  Strata  in  the  Isle  of  Wight"  By  E.  T.  Newton,  Esq., 
F.Q.S. 

A  number  of  small  fishes  found  by  Mr.  G.  W.  Colenutt,  of  RyHe, 
during  his  investigations  of  the  Oiigocene  strata  of  the  Isle  of  Wight, 
in  beds  belonging  to  the  "  Osborne  Series,"  were  described  as  be- 
longing to  a  new  species  of  Clupea.  The  specimens  vary  in  length 
from  20  to  nearly  60  millim.  In  all  of  them  the  head  is  much 
broken  ;  but  the  rest  of  the  body  is  beautifully  preserved,  showing 
most  distinctly  the  vertebral  column,  ribs,  fins,  tail,  and  ventral 
spines.  The  single  dorsal  fin  has  its  front  rays  about  midway 
between  the  tip  of  the  snout  and  the  base  of  the  tail,  the  ventral 
fins  being  immediately  under  the  front  of  the  dorsal  and  about  mid- 
way between  the  pectoral  and  anal  fins.  The  anal  fin  commences 
about  halfway  between  the  ventral  fins  and  the  base  of  the  tail, 
occupying  about  two-thirds  of  that  distance,  and  the  tail  is  deeply 
forked.  The  scales  are  thin  and  in  most  cases  much  broken  :  while 
the  ventral  region  of  the  body  is  armed  with  a  row  of  strong  spines. 
The  spinal  column  contains  about  40  vertebrae,  of  which  14  or  16 
are  caudal.  The  bones  of  the  head  are  mostly  broken,  but  those  of 
which  the  outline  can  be  traced  agree  with  the  corresponding  parts 
of  the  Sprats 

These  fishes  are  referred  to  the  genus  Clupea ;  but  although  very 
closely  allied  to  the  Common  Herring  and  Sprat,  the  relative 
positions  of  the  dorsal  and  ventral  fins,  as  well  as  the  number  of 
vertebrae,  prevent  their  being  placed  in  any  known  species,  either 
recent  or  fossil,  and  they  are  therefore  regarded  as  a  new  form  and 
named  Clupea  vectensta. 

III.— December  6, 1 888.  —  W.  T.  Blanford,  LL.D.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read : — 

1.  "  Notes  on  two  Traverses  of  the  Crystalline  Rocks  of  the  Alps." 
Bjr  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.K.S.,  F.G.S. 
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These  jonrneyt  were  undertaken  in  the  Bommer  of  1887  in  the 
eompany  of  the  Bev.  £.  Hill,  F.6.S.,  in  order  to  asoertain  whether 
the  apparent  atratigmphical  saooeBaion  among  the  gneiaaes  and 
orystailine  schiata  which  the  author  hail  ohaerved  in  the  more  central 
region  of  the  Alpa,  held  good  also  in  the  Western  and  Eastern  Alps. 
At  the  same  time  all  circumstances  which  seemed  to  throw  any  light 
on  the  origin  of  the  schists  were  carefully  noted.  The  author 
examined  the  rocka  along  two  lines  of  section  : — (1)  By  the  road 
of  the  Col  du  Lautaret  from  Orenohle  to  Briangon,  and  thence  hy 
the  Mont  Qen^vre  and  the  Ck>l  de  Sestri&res  to  Pinerolo,  on  the 
margin  of  the  plain  of  Piedmont  (2)  From  Lienz,  on  the  upper 
waters  of  the  Dreve,  to  Kitzhuhel ;  Itesides  examining  other  parts 
of  the  central  range,  east  of  the  Brenner  Pass.  The  specimens 
collected  have  subsequently  been  examined  microscopically. 

l*he  results  of  the  author's  investigations  may  be  briefly  sum« 
marised  aa  follows : — 

(1)  While  rocks  of  igpaeous  origin  occur  at  all  horiaons  among  the 
oryatalline  series  of  the  Alps,  these,  as  a  rule,  can  be  distinguished ; 
or,  at  any  rate,  even  if  the  crystalline  schists  in  some  caaes  are  only 
modified  igneous  rocks,  these  are  associated  with  recognizable 
igneous  rocks  of  later  date. 

(2)  There  are,  speaking  in  general  terms,  three  great  rock-groups 
in  the  Alps  which  simnlate  curiouHly,  if  they  do  not  indicate  struti- 
grapliical  sequence.  I'he  lowest  and  oldest  resemble  the  gneisses 
of  the  Laurentian  series ;  the  next,  those  rather  '*  friable  "  gneisses 
and  schists  called  by  Dr.  Sterry  Hunt  the  Montalban  series ;  the 
third  and  u[)permoHt  is  a  great  group  of  schists,  generally  rather 
flne-grained,  micaceous,  chloritic,  epidotic,  calcareous  and  quartzose, 
passing  occasionally  into  crystalline  limestones,  and  (more  rarely) 
into  schistose  quiirtzites. 

(3;  The  Pietra  Verde  group  of  Dr.  Sterry  Hunt,  so  far  as  the 
author  has  been  able  to  ascertain,  consists  mainly  of  modified  igneous 
rocka,  of  indeterminable  date,  and  is  at  most  only  of  local,  if,  indeed, 
it  be  of  any  classificatory  value. 

(4)  Of  the  above  three  groups  the  uppermost  has  an  immense 
development  in  the  Italian  Alps  and  in  the  Tyrol,  north  and  south 
of  the  central  range.  It  can,  in  fact,  be  traced,  apparently  at  the  top 
of  the  crystalline  succession,  from  one  end  of  the  Alpine  chain  to  the 
other. 

(5)  The  middle  group  is  not  seldom  either  imperfectly  developed 
or  even  wanting,  ap|)earing  as  if  cut  out  by  denudation.  It  was  not 
seen  in  the  traverse  of  the  Franco- Italian  Ali)8,  except  perhaps  for  a 
comparatively  short  distance  on  the  eastern  side,  being  probably 
concealed  by  Palaeozoic  and  Mesozoic  rocks  on  the  western  side.  It 
is  not  very  completely  developed  in  the  Eastern  Tyrol,  and  seems  to 
prevail  especially  in  the  Lepontine  Alps,  and  on  the  southern  side  of 
the  watershed. 

(6)  The  lowest  group  is  fairly  well  exposed,  both  in  the  French 
Alp!4  and  in  the  Central  Tyrol. 

(7)  Aa  a  rule,  the  schists  of  the  uppermost  group  had  a  aed\m«XL* 
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tarj  origiD.  The  schists  and  gneisses  of  the  middle  group  yery 
probably,  in  part  at  least,  had  a  similar  origin.  In  regard  to  the 
lowest  group  it  is  difficult,  in  the  present  state  of  our  knowledge,  to 
oome  to  any  conclusion. 

(8)  The  slates  and  other  rocks  of  clastic  origin  in  the  Alps, 
whether  of  Mesozoic  or  of  Paleozoic  age,  though  somewhat  modified 
by  pressure,  are  totally  distinct  from  the  true  schists  above  men- 
tioned, and  it  is  only  under  very  exceptional  circumstances,  and  in 
very  restricted  areas,  that  there  is  the  slightest  difficulty  in  distin- 
guishing between  them.  The  evidence  of  the  coarser  fragmental 
material  in  these  PalaK)zoic  and  later  rocks  indicates  that  the  gneisses 
and  crystalline  schists  of  the  Alps  are  very  much  more  ancient  than 
even  the  oldest  of  them. 

(9)  The  remarks  made  by  the  author  in  his  Presidential  Address, 
1686,  as  to  the  existence  of  a  ''  cleavage- foliation  '*  due  to  pressure, 
and  a  **  stratification-foliation  "  of  earlier  date,  which  seemingly  is 
the  result  of  an  original  bedding,  and  as  to  the  importance  of  dis- 
tinguishing these  structures  (generally  not  a  difficult  thing),  have 
been  most  fully  confirmed.  lie  is  convinced  that  many  of  the  con- 
tradictory statements  and  much  of  the  confusion  in  regard  to  the 
origin  and  significance  of  foliation  are  due  to  the  failure  to  recognize 
the  distinctness  of  these  two  structures.  In  i-egard  to  them  it  may 
be  admitted  that  sometimes  **  extremes  meet,"  and  a  crystalline  rock 
pulverized  in  situ  is  very  difficult  to  separate  from  a  greatly  squeezed 
fine-grained  sediment ;  but  he  believes  these  difficulties  to  be  very 
local,  probably  only  of  a  temporary  character,  and  of  little  value  for 
inductive  purposes. 

2.  "  On  Fulgurites  from  Monte  Viso."  By  Frank  Rutley,  Esq., 
F.G.S.,  Lecturer  on  Mineralogy  in  the  Royal  School  of  Mines. 

The  specimens  described  in  this  paper  were  collected  by  Mr. 
James  Eccles,  F.G.S.,  close  to  the  summit  of  Monte  Viso  (12.680 
feet  above  sea-level).  They  are  fragments  of  a  glaucophane-epidote 
schist,  in  which  garnet,  sphene,  and  occasionally  diallage  are  present. 
Prof.  Judd  considers  that  the  rock  somewhat  closely  resembles  the 
glaucophane  schists  and  eclogites  of  the  He  de  Groix. 

The  fragments  are  bounded  by  joint-planes  or  surfaces  of  easy 
fission,  which  are  incrusted  with  minute  pellets  and  thin  films  of 
fulgurite-glass  forming  the  walls  of  lightning  tubes.  The  glass  was 
examined  under  the  microscope  (great  care  being  taken  to  insure 
perfect  isolation  of  the  glass  from  the  rest  of  the  rock),  and  found 
to  be,  as  a  rule,  remarkably  pure,  but  in  places  not  only  gas-bubbles 
but  also  globulites  occur,  and  the  latter  occasionally  form  longulites, 
and  more  rarely  margarites.  Microliths  also  are  observable  in  some 
of  the  sections.  In  one  section  a  minute  rounded  grain  of  schist 
containing  a  fragment  of  a  strongly  depolarizing  crystal,  probably 
epidote,  appears  to  have  been  taken  up  in  the  glass. 

Where  the  glass  comes  in  contact  with  the  rock  the  latter  appears 
to  have  undergone  no  alteration  beyond  the  development  of  a  very 
narrow  band  of  opaque  white  matter,  which  the  author  gave  reason 
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for  snpposing  to  be  due,  not  to  the  aotion  of  the  b'ghtning,  but  to  a 
pre-existent  segregation  of  sphene. 

The  ooonrrence  of  globulites,  margarites,  longulites,  and  xnioro- 
litha  in  the  glass  would  seem  to  indicate  a  less  sudden  cooling  than 
is  assumed  to  be  usual  in  such  cases ;  for  the  glass  presents  no  signs 
which  would  characterize  a  subsequent  devitrification  or  secondary 
diange,  and  the  bodies  just  enumerated  appear,  unquestionably,  to 
haye  been  formed  during  the  refrigeration  of  the  fulgurite. 

3.  "  On  the  Occurrence  of  a  New  Form  of  Tachylyte  in  Association 
with  the  Gkbbro  of  Carrock  Fell,  in  the  Lake  District."  By  T.  T. 
Groom,  Esq.  Communicated  by  Prof.  T.  McEenny  Hughes,  M.A., 
F.G.S. 

In  tbis  paper  the  author  described  an  ancient  but  well-preserved 
glassy  rock  of  basic  composition  which  he  had  found  as  a  vein 
associated  with  the  gabbro  of  Carrock  Fell.  The  rock  was  described 
macroscopically  and  microscopically,  and  a  complete  chemical 
analysis  was  given.  The  chemical  composition  resembled  that  of  the 
more  acid  basalts  and  the  augite-andesites,  and  approached  especially 
closely  to  some  continental  basalts,  analyses  of  which  were  added 
for  comparison.  Examined  microscopically,  the  rock  consisted  of  a 
globulitio  and  ciystallitic  glass-basis  of  green  colour,  containing 
spherules  of  quartz,  spherulitic  felspars,  and  an  interesting  series  of 
granules  and  granular  aggregates  of  augite,  which  likewise  frequently 
assumed  a  spherulitic  form.  The  rock  was  rendered  microporphy- 
ritic  by  the  sparing  development  of  crystals  (or  skeleton-crystals)  of 
plagioclase  felspar,  augite  and  quartz.  The  optical  characters  of 
each  of  the  minerals  were  given.  Owing  to  the  mode  of  develop- 
ment and  to  the  variety  of  its  constituents,  the  rook  possessed  an 
exceedingly  complicated  structure.  The  order  of  crystallization  was 
worked  out.  and  it  was  pointed  out  that  a  second  generation  of  each 
of  the  important  constituents  had  arisen.  The  second  generation  of 
felspar  was  of  a  more  acid  type,  and  that  of  the  quartz  was  devoid 
of  fluid  vesicles,  and  had  crystallized  out  after  the  rest  of  the  rock 
had  solidified  sufficiently  to  form  cracks,  (pilose  physical  and 
mineralogical  relations  with  the  gabbro  were  indicated,  and  the 
author  had  no  doubt  that  the  two  were  in  actual  connection  with 
one  another.  The  age  was  put  down  as  probably  Ordovician.  A 
comparison  of  the  rock  with  other  basic  rocks  showed  that  it  had 
affinities  both  with  the  glassy  forms  connected  with  the  more 
volcanic  members,  and  with  the  variolites  of  Durance  found  asso- 
ciated with  diabase.  The  relation  with  the  latter  rock  was  espe- 
cially marked,  but  important  points  of  difference  rendered  a  separa- 
tion of  the  two  necessary,  and  for  the  new  type  of  rock  thus 
recognized  the  name  GarrockiU  was  suggested.  This  rock  might 
be  looked  upon  as  a  Quartz- Gabbro- Vitrophyre. 


4i     Correspondence — Mr.  B.  Lyddeker;  Prof.  T.  O.  Bonne fj. 

CORRESI>035r3DH35rOH. 


ICHTHYOSAURUS  ACUTIROSTRIS,  ZETLANDICUS,  &  LONQIFRONS. 

Sib,— On  page  313  of  the  Gsolooioal  Magazine,  Deo.  III.  Vol. 
Y.  1888,  I  stated  that  I  was  ''  disposed  to  ODite  hoth  Ichthyosaurus 
Zetlandicug  and  J.  longifrons  with  J.  acutirostris.  Sinoe  that  passage  was 
written  Prof.  Earl  yon  Zittel  has  heen  good  enough  to  send  me  a  figure 
of  an  entire  skull  of  an  Ichthyosaurus  from  the  Upper  Lias  of  Curcy, 
evidently  belonging  to  J.  longifrons^  which  1  consider  inseparable 
from  I.  Zetlandicus.  This  specimen  dififers,  however,  from  I.  acuU- 
rostris  in  its  perfectly  straight  rostrum ;  and  we  have,  therefore,  a 
character  which  (if  not  merely  sexual)  will  aflTord  a  valid  distinction 
between  the  two  forms.  If  J.  quadriscissus  of  Quenstedt  be  identical 
with  J.  actUirostris,  the  name  I.  Zetlandicus,  as  earlier  than  J.  longi' 
frons,  should  be  adopted  for  the  straight-beaked  form. 

Norember  17tA,  1888.  K.  Lydkkxkb. 


THE  SERPENTINE  OF  THE  LIZARD. 

Sib, — There  are  two  slight  errors  in  Mr.  Somervail's  paper  "  On 
a  Bemarkable  Dyke  in  the  Serpentine  of  the  Lizard*'  (p.  553  of  last 
volume),  which  may  mislead  readers.  They  are  contained  in  one 
sentence,  '*  The  dyke  forms  a  portion  of  the  '  granulitic  group  '  of 
Prof.  Bonney,  which  is  now  known  to  be  of  igneous  origin."  (1)1 
have  never  placed  any  of  the  rocks  near  Pentreath  Beach  in  my 
«*  granulitic  group,"  but  speak  of  them  more  than  once  as  belonging 
to  the  "hornblende  schists."  (2)  For  "  which  is  now  known  to  be" 
read  **  which  is  now  known  to  include  some  rocks."  The  origin  of 
the  distinctly  ''  banded  gneissio "  portion,  like  that  of  the  banded 
hornblende  schists,  cannot  be  said  to  be  yet  known  to  any  one,  unless 
Mr.  Somervail  has  been  honoured  with  a  special  revelation  on  the 
subject.  Most  persons  who  have  particularly  worked  at  questions 
of  this  kind  consider  the  origin  of  these  rocks  a  very  difficult  and  as 
yet  unsolved  problem.  The  speculations  as  to  the  origin  and 
relations  of  the  Lizard  rocks,  with  which  Mr.  Somervail  has  favoured 
us,  will  no  doubt  meet  with  the  attention  which  they  deserve,  regard 
being  had  to  the  wide  experience  of  their  author  and  his  intimate 
knowledge  of  rock-structures.  T.  G.  Bommkt, 


THE  GENUS  ASCOCERAS. 

SiB, — The  figure  which  Prof.  Lindstrom  gives  in  the  December 
Number,*  of  an  Ascoceras  from  the  Island  of  Gothland  is  a  very 
instructive  one — as  it  supplies  some  of  the  earlier  septa  which  have 
hitherto  been  wanting  and  gives  a  final  proof  of  their  existence. 
It  is  thus  completely  confirmatory  of  the  description  of  the  genus 
which  I  gave  on  p.  61  of  my  British  Fossil  Cephalopoda.  At  the 
time  of  writing  I  was  obliged  to  say  "  the  earlier  part  is  unknown  " 
— which  still  remains  partially  true — since  only  three  chambers  of 

*  Gbol.  Mao.  1888,  Dec.  III.  Vol.  V.  p.  633,  Woodcut. 
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the  ordinary  type  are  seen  in  the  new  specimen ;  but  I  had  to  add 
"  the  body  chamber  and  the  last  few  septal  chambers  only  [those 
which  are  distorted]  being  preserved  in  association."  This  is  now 
no  longer  trae,  bnt  the  remainder  of  my  description  was  entirely 
based  on  the  probability,  not  to  say  the  certainty,  of  such  a  specimen 
being  ultimately  foand.  It  runs,  *<The  earlier  septa  are  of  the 
ordinary  kind,  with  very  little  convexity  and  the  siphuncle  is  ex- 
oentrio,  in  some  of  large  size  .  .  .  The  last  few  chambers  are 
distorted  and  their  dorsal  portions  are  seldom  seen."  These  dorsal 
portions,  as  in  the  specimen  figured  by  Barrande  (Syst.  Sil.  de  la 
Boh6me,  vol.  ii  p.  518),  are  well  shown  in  the  new  specimen.  I 
arrived  at  the  same  conclusion  as  Professor  Lindstrom— that  the 
A9C0€era»  **  is  by  no  meanH  the  simplest  form  of  Cephalopod,  but 
the  most  abnormal,'*  and  included  it  with  Foterioeeras  and  others  in 
the  group  Inflati,  the  genus  being  charaotenzed  by  having  its 
"later  septa  distorted."  The  group  is  said  to  diverge  from  the 
Conici,  i.e.  the  Orihocerataf  etc.,  and  to  be  remarkable  for  the  loss 
of  the  early  septa. 

It  is  satisfactory  that  in  all  these  points  the  new  specimens  from 
Gothland  confirm  the  previous  observations.  J.  F.  Blake. 


THE  M  ONI  AN  SYSTEM. 

Sib, — I  feel  greatly  indebted  to  Dr.  Callaway  for  introducing  the 
Munian  System  to  the  notice  of  your  readers.  It  was  through  his 
advice  I  went  to  Anglesey,  and  he  naturally  takes  a  fatherly  interest 
io  the  result. 

There  are,  however,  certain  points  in  his  **  Notes  "  which  call  for 
explanation  or  reply. 

1.  I  am  happy  to  recognize  that  Dr.  Callaway,  in  1887,  quite 
independently  of  my  observations,  came  to  the  conclusion  that  the 
hornblende-schists  were  of  igneous  origin,  notwithstanding  that  such 
a  conclusion  entirely  overthrew  his  reading  of  the  succession  in  the 
"gneissio  series."  I  must  even  confess  that  he  is  bolder  than  I  am, 
for  my  statement  that  these  schists  are  igneous,  is  made  in  fear  and 
trembling ;  for  though  I  am  forced  to  it  by  the  stratigraphy,  I  know 
it  would  have  been  laughed  at  a  few  years  ago.  Nor  can  I  get  as  far 
as  **  foliated  felsites,"  tliose  so  considered  by  Dr.  Callaway  being 
compressed  and  indurated  examples  of  the  ordinary  mica-schists  of 
the  district 

2.  As  to  Parys  Mountain,  there  are  two  other  writers'  opinions  to 
consider  besides  Dr.  Callaway's. 

3.  As  to  the  Llanfechell  Grit.  I  acknowledge  it  would  be  of 
some  importance  if  it  could  he  shown  that  any  large  part  of  the  upper 
portion  of  the  series  was  made  up  of  fragments  of  the  lower ;  but  after 
all  the  Llanfechell  Grits  are  merely  subordinate  bands  in  a  long  series, 
and  there  are  no  conglomerates  in  association  with  them,  so  that 
at  best  any  included  fragments  would  be  poor  evidence.  Moreover, 
it  seems  quite  common  in  these  old  rocks,  for  the  earlier  deposits 
to  be  rapidly  altered  and  to  contribute  to  the  later.      Thus  the  con- 
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glomerate  of  Bull  Bay  is  made  of  the  underlying  quartz  rock.  Tlie 
fragments  in  the  ''  agglomerates  "  or  <*  conglomerates  "  of  Llangefni 
are  like  some  of  the  neighbouring  rocks,  the  Bangor  beds  are  full  of 
fragments  of  rocks  very  similar  to  other  parts  of  the  same  series, 
and  the  conglomerate  of  Moel  Tryfaen  is  largely  composed  of  tbe 
immediately  preceding  Cambrian  slates.  I  do  not,  therefore,  give 
much  weight  to  any  argument  from  such  a  grit.  I  only  dealt  with  it 
because  it  was  confessedly  at  first  the  only  argument  for  there  being 
two  groups  of  Precambrian  rocks  in  Anglesey.  If  the  rock  is  dis- 
cussed, 1  have  to  say  that  of  course  Prof.  Bonney's  description  is 
accurate.  The  fragments  do  "much  resemble  some  of  the  finer- 
grained  schists  of  Anglesey ;  *'  but  they  resemble  those  parts  which 
have  been  entirely  re-formed ;  such  entire  re-formation  occurs  some- 
times in  bands  parallel  to  the  lamination,  sometimes  in  veins  crossing 
it,  and  is  not  confined  to  the  older  part  of  the  series,  but  affects  many 
other  parts.  The  veins,  like  the  rest  of  the  rock,  have  formed  under 
a  pressure  that  has  induced  an  orientation  of  the  micaceous  ingredient. 
We  cannot,  therefore,  identify  the  fragments  with  any  definite  rock. 

4.  The  rocks  near  Llyn  Irefwll.  In  this  case,  again,  I  should 
have  said  nothing  except  for  the  stress  Dr.  Callaway  lays  upon  the 
locality.  I  twice  failed  to  find  the  exact  spot  referred  to,  though 
the  whole  structure  of  the  surrounding  rocks  seemed  clear.  Only 
by  tbe  minutest  directions  was  I  able  to  find  a  spot  where  some 
slaty-looking  rock  contained  fragments  of  granite,  and  seems  con- 
tinuous with  the  diabase  which  forms  part  of  several  bosses.  All 
these  figure  as  "  slate ''  in  Dr.  Callaway's  paper.  Several  slides 
have  been  examined  and  prove  to  be  diabase^ — hence  '*  some  of  the 
slates  of  Dr.  Callaway  are  diabase."  Where  tbe  granitic  fragments 
are  found,  this  diabase  has  become  more  or  less  homblendic,  or 
dioritic — or  it  may  be  that  the  containing  rock  is  a  distinct  one.  In 
any  case,  fragments  of  granite  are  contained  in  a  slaty-looking  rock 
which  is  not  a  slate.  They  must  also  be  contained  in  a  true  slate, 
since  such  is  their  matrix  as  described  by  Prof.  Bonney ;  but  this 
slate  is  certainly  not  the  diabase  ridge  figured  as  Pebidian  by  Dr; 
Callaway.  It  is  really  not  worth  while  pursuing  the  question  any 
further. 

5.  With  regard  to  the  areas  where  there  is  a  passage  between  Dr. 
Callaway's  lower  and  upper  groups,  bis  observations  are  rather 
special  pleading,  because  he  selects  two  places,  nearly  the  only  two, 
where  the  succession  is  confessedly  broken  by  faults,  and  gives  these 
as  examples  :  whereas  in  both  these  places  the  supposed  succession  is 
stated  to  be  entirely  made  out  from  what  is  observed  abundantly 
elsewhere. 

6.  As  to  the  applicability  of  the  Monian  system  to  other  regions, 
it  is  obvious  that  our  first  business  is  to  thoroughly  understand  the 
development  of  a  series  of  rocks  in  the  place  where  the  connection 
of  one  part  with  another  is  most  fully  displayed,  and  such  a  place  is 
Anglesey,  where  tbe  succession  and  stratigraphy  in  many  places  is 
comparatively  clear.  It  is  a  later  work  to  correlate  other  regions 
with  the  type,  the  probable  result  only  being  briefly  indicated  in  my 
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paper.  The  reason  for  oorrelating  the  Longmynd  rocks  with  the 
Upper  Monian  are,  first,  that  they  are  certainly  pre-Cambrian, 
especially  since  the  discovery  by  Prof.  Lapworth  of  the  lowest 
Cumbrian  fanna  in  other  rocks  in  the  immediate  neighbourhood, 
and,  secondly,  that  the  only  certain  fossils  recorded  from  the  Long- 
mynd, ArenicoUtfm  didyma,  are  also  recorded  from  the  rocks  of  Bray 
Head.  It  is  also  to  be  noted  that  as  the  '<  Uriconian  "  is  to  a  Urge 
extent  volcanic,  there  need  not  be  much  of  a  gap  between  it  and 
the  '' Longmyndian."  By  some  curious  effort  of  the  imagination 
Dr.  Callaway  says  "  Uriconian  and  Malvemian  are  lumped  together 
M  Middle  Monian,"  but  I  cannot  find  that  I  have  anywhere  mentione<l 
the  ''  Malvemian,"  as  I  know  too  little  of  that  district  and  the 
descriptions  are  too  discordant  to  make  it  safe  even  to  venture  upon 
a  probability.     It  may  not  be  Monian  at  all. 

If  Dr.  Callaway  has  a  fancy  to  call  the  different  divisions  of  the 
Monian  by  names  derived  from  other  districts,  there  can  be  no 
objection,  provided  we  first  make  sure  of  the  correlation.  I  am 
perfectly  satisfied  with  their  all  forming  parts  of  a  larger  group  or 
lystem — the  Monian. 

I  may  add  that  as  these  rocks  have  a  quite  distinct  character  from 
the  true  Hebridean,  or  the  general  type  of  gneisses.  I  was  much 
delighted  to  find  that  so  many  foreign  geologists,  who  visited  Anglesey 
in  September  last,  recognized  their  resemblance  to  rocks  of  their 
several  districts  which  occur  immediately  beneath  th^ir  lowent 
fofisiliferous  horizons.  J.  F.  Blake. 

Die.,  188S.  

UXIFOBMITT  IX  SCIENTIFIC  BIBLIOGRAPHT. 

Sib, — Having  been  for  some  time  engatred  in  preparing  a  biblio- 
grepby  of  earthquake-literature,  I  can  fully  endorse  the  necessity 
of  Mr.  C.  D.  Sherbom's  plea  for  nniformity  in  the  quofation  of 
abbreviated  titles  of  scientific  journals.     The  increasing  nnmljer  and 
importance  of  works  of  this  class  render  this  and  other  uns^ttM 
points  in  bibliography  worthy  of  attention  and  dincmh'ion ;   and  I 
wonld  venture  to  suggest  that  the  Britiich  Association  Ofmmitunb  on 
Zoological  Nomenclature  could  find  a  useful  successor  in  a  Comuiitu^^ 
for  securing  Uniformity  in  Scientific  Bibliography. 
May  I  be  allowed  to  offer  here  a  few  remarks  on  this  arjKjVrt  V 
AhbrevtaUd  Tides. — Besides  a  mere  hap-hazard  choice  two  «»aniea 
are  open  in  the  selection  of  abbreviated  titles. 

(1)  We  may  adopt  that  in  use  amongst  the  members  of  tli^ 
Society  issuing  the  journal,  as  "  Phil.  Trans."  or  ^'Comptes  K^idaa.'' 
Familiarity  in  a  few  cases  and  established  cast/»m  are  io  favoQr  of 
the  retention  of  this  system,  but  it  has  the  obrioos  dlmdrvifskic,".  of 
not  representing  at  a  glance  the  complete  title  of  an  nuku^,wrt 
journal,  for  it  omits  the  name  of  the  society,  yk^/r^fftgr^  <^/btrv^>yr*« 
founded  on  such  words  as  '^TransEacti'/ns  "  or  ^yvM^^'u*^** 
common  to  a  great  number  of  societies,  are  ob}«^iMkai>ie« 

(2)  The  abbreviations  may  be  formed  on  «  uniform  pUn  U'/ft^  t*^ 
full  title  of  the  joumaL    That  adof^ed  in  \!L^  G<bology^  l^^/y/d 
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fieems  to  me  to  fail  in  putting  to  the  front  a  word  like  **  Trans./'  a 
comparatively  unimportant  part  of  the  title,  and  also  a  word  common, 
as  just  pointed  out,  to  many  different  Societies. 

A  better  method  would,  I  think,  be  to  put  the  most  important, 
and  at  the  same  time  least-frequently  used,  word  first,  and  the  others 
in  descendinc^  order,  as  follows :  1 .  Place  of  meeting :  2.  Name  of 
society:  3.  Name  of  journal :  e.g.  Qlasgow,  Geol,  Sac,  ZVaiM. 

I  may  remark,  in  passing,  that  this  system  is  used  in  the  library 
of  the  Birmingham  Philosophical  Society.  It  possesses  the  advantage 
that  the  book-shelves  form  an  alphabetical  index  to  their  contents. 

Obvious  exceptions  to  the  rule  will  occur  at  once,  some  as  neces- 
sary, others  as  desirable.  The  British  Association  Reports  cannot  be 
classed  under  the  name  of  any  town ;  and  it  would  hardly  be  advis- 
able, for  instance,  to  subordinate  the  well-known  Transactions  of 
the  Seismological  Society  of  Japan  under  the  less-known  heading 
"  Tokio."  The  name  of  the  country  should  dearly  be  used  when  it 
occupies  the  leading  place  in  the  title. 

Date  of  papers, — The  date  of  a  paper  contributed  to  a  society  may 
be  taken  as  that  of  its  reading,  or  as  that  of  the  publication  of  the 
volume  in  which  it  appears :  these  dates  often  differing  considerably. 
The  latter,  I  believe,  is  the  method  usually  adopted.  But,  in  a  case 
of  priority,  this  rule  would  not  be  followed ;  and  a  paper  may  altto 
become  widely  known  by  means  of  **  authors*  copies  "  printed  off 
before  the  complete  volume  is  published.  On  these  accounts,  it  seems 
to  me  desirable  that  the  day  on  which  a  paper  is  read  should  be 
accepted  as  its  date  in  bibliographies. 

Chables  Davison. 
KiKO  Edwakd'b  Bioh  School,  Biriunoham, 
Ike,  7,  1888. 


THE  BEDS  OF  THE  LONDON  AREA. 

Sib, — In  the  short  abstract  of  Mr.  Whi taker's  paper  on  the  Streat- 
bam  boring,  read  before  the  Geological  Society  on  the  2l8t  November, 
the  question  is  raised  as  to  the  horizon  which  the  generally  red 
beds  met  with  beneath  the  Mesozoic  in  many  of  the  deep  borings 
around  London  occupy  between  the  Trias  and  the  Devonian.  It  has 
appeared  to  me  that  they  probably  belong  to  the  former,  because  the 
rocks  met  with  at  Meux's  Brewery  in  Tottenham  Court  Road,  and  at 
Tumford,  are  distinctly  of  the  Devonshire  type.  Now,  so  far  as  I  know, 
the  **  Devonian  "  does  not  eissume  the  Bed  Sandstone  type  in  Devon- 
shire. If  this  is  so,  then  it  offers  a  presumption  that,  where  these 
older  beds  are  found  of  the  Devonshire  type,  as  is  the  case  under 
London,  they  are  not  likely  to  be  found  also  of  the  arenaceous 
type,  which  belongs  to  those  in  the  Mendip  and  South  Wales  district 
In  fact  the  two  types  are  not  likely  to  be  found  together  in  the  same 
area,  unless  it  happens  to  have  the  exceptional  position  of  being 
situated  where  two  distinct  conditions  of  deposition  succeeded  one 
another  during  one  and  the  same  geological  period.  For  these 
reasons  I  think  these  red  beds  newer  than  the  Carboniferous. 
Harlton,  Cambhibob,  Dec,  11,  1888.  0.  FiSHEB. 
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I.— Ok    some  Pbysioal  Chanobs  in  the  Eakth^s  Cbust. 

{Fart  /.) 
By  Crablbs  Bickbtts,  M.D.,  F.G.S. 

rHEBE  always  appears  an  objection  to  the  agencies  by  which 
mountains  and  hills  are  formed  being  designated  by  such 
)nns  as  **  mountain  architecture,"  "  mountain  building,"  eta, 
sading  to  the  inference  that  to  the  deposition  of  the  materials 
'hich  enter  into  their  composition  these  elevated  regions  owe  their 
>rm  and  structure.  There  certainly  are  mountains  which  have 
een  built,  and  some  such  are  at  the  present  time  in  process  of 
uilding;  but  these  instances  refer  only  to  elevated  masses  of 
olcanic  origin :  they  have  been  constructed  as  the  railway  engineer 
nilds  his  embankments,  or,  with  greater  preciseness,  as  the  miner 
)rms  the  bank  at  the  pit's  mouth,  by  tipping  over  the  rubbish 
rought  from  below.  To  hills  and  mountains  forming  volcanic 
)Des  the  term  mountain  hmlding  is  quite  correct ;  the  volcano  in 
ruption  pouring  over  its  lava,  and  belching  forth  scoriss  and  ashes, 
hich  fall  and  accumulate  around  its  vent. 

The  term  building  may  also  be  applied  to  the  formation  of  the 
liuiature  mountain-ranges  which,  in  certain  localities,  fringe  our 
)ast;  sand-hills  and  -dunes  being  due  to  the  accumulations  which 
16  wind  has  carried  landward  when  the  sandy  shores  are  exposed 
id  dry.  The  term  is  likewise  applicable  where  receding  glaciers 
ave  brought  down,  and  discharged  as  moraines,  their  burden  of 
tones  and  rubbish,  forming  not  only  small  mounds  but  hills  and 
dges  of  considerable  size. 

With  respect  to  elevated  masses  such  as  these,  whether  great  or 
mall,  the  process  of  their  formation  may  be  correctly  termed 
uilding ;  otherwise  the  formation  of  mountains  is  due  to  sculpture, 
-to  erosion,  disintegration,  denudation, — and  may  be  compared  to 
le  work  of  the  quarryman,  rather  than  that  of  the  builder ;  to  the 
rt  of  the  sculptor  and  not  of  the  architect.  Playfair,  in  his 
Illustrations  of  the  Huttonian  Theory  of  the  Earth,"  considered 
mt  "  mountains  as  they  now  stand  may  not  inaptly  be  compared  to 
16  pillars  of  earth  which  workmen  leave  behind  them,  to  afford  a 
leasure  of  the  whole  quantity  of  earth  which  they  have  removed."* 

»  §  113,  p.  127. 
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Excepting  by  very  few  it  was  formerly  assumed  that  the 
soulpturing  of  mountains,  and  the  formation  of  valleys,  etc.,  were 
due  to  the  action  of  the  sea.  Again,  that  *'  the  excavation  of  valleys 
could  be  ascribed  to  no  other  cause  than  a  great  flood  of  water, 
which  overtopped  the  hills  from  whose  summits  these  valleys 
descend."  It  has  been  considered  *'  they  are  due  to  cracks,  rents 
and  gorges  of  fissure  in  the  rock-masses,  in  some  of  which  rivers 
flow ;  that  these  fissures  have  been  caused  by  upheaval,  by  ruptures, 
And  denudation,"  and  "that  mountain  valleys  lie  in  lines  of  cur- 
vature, dislocation  and  fracture."  No  endeavour  was  made  to 
demonstrate  how  any  of  these  various  causes  could  have  excavated 
valleys,  and  it  is  very  remarkable  that  there  was  no  attempt  to 
account  for  the  redistribution  of  the  materials  which  had  been 
removed.  It  is  probable  that  the  difiiculty  of  making  the  present 
conformation  of  the  Earth's  surface  coincide  with  a  preconceived 
chronology,  may  have  had  great  influence  in  the  formation  of  such 
opinions,  even  by  those  who  are  justly  considered  fathers  in 
geological  science.  We  are  constantly  reminded  how  greatly  this 
feeling  is  impressed  on  the  popular  mind  in  expressions  made  by 
persons  unacquainted  with  geological  science ;  with  those  who  may 
be  considered  educated,  "  I  presume  it  is  antediluvian : "  with  the 
workman  or  labourer,  "  It  was  there  afore  th'  flood  1 "  Walking 
through  one  of  the  minor  gorges  in  the  Carboniferous  Limestone  of 
North  Derbyshire,  and  conversing  with  an  intelligent  man  native  to 
the  district;  on  the  remark  being  made,  that  some  persons  think 
these  dales  have  been  formed  by  the  streams  that  run  through 
them,  the  immediate  and  emphatic  reply  was,  **  No  I  that  could 
never  be ; "  and,  pointing  to  the  rivulet,  "  Why  there  is  not  water 
enough  to  drown  a  mouse.  You  may  depend  upon  it  all  these 
places  were  cut  out  when  the  world  was  drowned." 

Button  (1796)  and  Playfair  (1802)  demonstrated  that  the  for- 
mation of  valleys  was  due  to  the  effects  of  atmospheric  agencies. 
Playfair  says,  "  Water  in  every  state  from  transparent  vapour  to 
solid  ice,  from  the  smallest  rill  to  the  greatest  river,  attacks  what- 
ever has  emerged  above  the  level  of  the  sea,  and  labours  incessantly 
to  restore  it  to  the  deep.  The  parts  loosened  and  disengaged  by  the 
physical  agents  are  carried  down  by  the  rains,  and,  in  their  descent, 
rub  and  grind  the  superficies  of  other  bodies ;  and,  when  rain  descends 
in  torrents,  carrying  with  it  sand,  gravel,  and  fragments  of  rock,  it 
may  be  truly  said  to  turn  the  forces  of  the  mineral  kingdom  against 
itself.  Every  separation  which  it  makes  is  necessarily  permanent, 
and  the  parts  once  detached  can  never  be  united  save  at  the  bottom 
of  the  ocean."*  "All  river  channels  have  been  cut  by  the  waters 
themselves ;  they  have  been  slowly  dug  out  by  the  washing  and 
erosion  of  the  land."' 

A  long  time  elapsed  before  this  explanation  was  accepted,  not  until 
there  occurred  in  the  early  volumes  of  the  Geological  Magazixs 
a  prolonged  discussion  on  the  subject,  which  proved  that  a  great 

1  Playfair  8  Illustrations,  etc.,  §  95,  p.  111. 
s  Illustrations,  §  99,  p.  115. 
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of  opinion  had  taken  place ;  very  many  of  thote  who  had 
id  to  consider  that,  in  the  words  of  Button,  **  the  rivers  them- 
had  hollowed  oat  their  valleys/'  being  on  the  staff  of  the 
,ieal  Sarvey,  whose  occapation  affords  special  opportunities 
irmining  soch  qaestions;  not  that  they  ignored  the  effects  of  the 
and  tide,  bat  did  not  attribnte  to  them  resolts  which  the  sea 
not  produce,  ocoarring  where  the  sea  had  not  been.  The 
of  *'  Bain  and  Rivers"  (the  late  Colonel  George  Greenwood), 
e  most  persistent  advocate  of  the  views  of  Hatton  and  Playfair. 
lashing  cavalry  officer  renewed  the  assaolt  again  and  again, 
fidling  to  attack  any  weak  point  exposed  by  his  opponenta. 
I  discoasion  was  decisive  in  determining  that  valleys  are 
I  by  rain  and  rivers,  and  that  the  materials,  which  once  filled 

excavations  made,  had  been  carried  down  and  deposited  in  the 
IT  their  months ;  but  there  still  remained  to  be  considered  the 
3b  by  which  this  is  accomplished.  If  the  cmst  of  the  earth 
rigid,  rivers,  by  bringing  down  the  disintegrated  materials, 
simply  fill  np  the  sea  near  their  months,  and,  judging  from 
ist  amount  which  must,  during  prolonged  periods,  have  been 
ed  in  the  excavation  of  valleys,  there  would  be  formed  level 
or  deltas  extending  over  an  immense  number  of  square  miles, 
^h  which  the  streams  would  flow.  At  the  mouths  of  large 
.  and  where  the  sediment  derived  from  the  excavation  of  the 
B  brought  down  by  them,  there  is  evidence  in  all  cases  that 
Bight  of  these  accumulations  in  the  bed  of  the  sea,  on  deltas, 
I  bays,  presses  down  the  crust  of  the  earth,  and  thus  aoci>mmo- 
the  subsequent  accretion  of  materials.  This  result  may  be 
lered  universal  and  capable  of  demonstration  in  strata  of  all 
from  the  earliest  Greological  epoch  to  the  present  time.' 
xpression  is  in  more  frequent  use  than  that  different 
tions  have  been  laid  down  during  a  period  of  subftidence. 
ry where  throughout  the  world,"  says  Prof.  James  Geikie,  '*  we 
he  same  tale  of  subsidence  and  accumulation,  of  upheaval  and 
tation.'  It  has  only  very  lately  been  generally  recognized  that 
reight  of  the  accumulation  is  the  cause  of  subsidence ;  at  all 
I  when,  in  a  consideration  of  the  subject,'  opportunity  was 
ed,  there  was  no  attempt  to  controvert  thiB  opinion*  The 
3t  is  a  meet  important  one,  and,  with  its  converse,  that  dennda- 
by  lessening  the  pressure  on  the  earth's  crust,  causes  the  land  to 
nay  justly  be  considered  the  Alpha  and  the  Omega  of  physical 
gy,  for  to  it  must  be  attributed  the  great  movements  and 
;es  that  take  place  on  the  earth. 

ese  areas  of  deposition  may  subsequently  enter  into  the  Btnictar<$ 
3untain-ma88eB  and  form  elevated  ground,  but,  so  far  as  bmilding 

a  Sabridence  as  the  Effect  of  Acciimalati'Mi,  hj  C.  Bieketti ;  Giol.  Mao. 

X.  p.  119,  1872. 

onntains :  their  Orijpn.  Growth,  tad  Dttrnj. 

Xitare"  for  Aiij§;iist  2d«1,  IHHZ.  ac4  ^nbttquent  r.tnsWi.     In  th^  bomW  for 

t  30th,  1883,  page  413,  and  ^J^/ur  4th.  1*»h3.  pa^  9'4l0.  nhtr^mt^  m  Cif^.^Hi 

le  who  hsve  taken  the  labjcct  into  rmwidirariiw  toUtm  loMwa  to  aijidt 
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is  conoemed,  the  result  is  the  formation  of  alluvial  and  marine  plains, 
ooourring  about  or  below  the  level  of  the  sea;  it  is  only  on  the 
conditions  being  altogether  changed  they  become  raised,  chiefly 
in  consequence  of  the  removal  of  weight,  consequent  on  the  great 
denudation  they  have  undergone,  and  thus  help  to  form  mountains. 
The  flanks  of  mountains  are  frequently  composed  of  rocks  whose 
strata  have  undergone  disturbance  and  contortion,  and  are  oftentimes 
affected  by  cleavage.  These  foldings  have  been  referred  to  as 
essential  features  in  the  formation  and  ''building"  of  mountains; 
but  they  extend  as  frequently  to  low  ground,  and  pass  beneath 
deltas  and  estuaries,  and  form  the  base  upon  which  the  strata  con- 
stituting the  bed  of  the  sea  rest.  Geological  inquiry  shows  that 
after  having  been  raised  above  the  sea-level  and  become  weathered 
and  eroded,  the  valleys  and  channels  formed  may  again  be  sub- 
merged, and  have  their  weathered  surfaces  buried  beneath  sediments 
to  a  depth  of  several  thousand  feet. 

Contortions  have  been  attributed  to  the  forcing  of  wedge-shaped 
masses  of  metamorphic  rock  upwards  so  as  to  penetrate  and  protrude 
through  sedimentary  strata ;  but  in  a  general  elevation  affecting  a 
district  the  whole  thickness  of  the  earth's  crust  must  be  lifted 
together,  and  from  a  depth  which  would  render  such  an  occurrence 
impossible.  In  no  instance  would  it  appear  more  probable  that 
such  has  taken  place  than  on  the  flanks  of  the  Malvern  Eange,  had 
not  Miss  Annie  Phillips"  (sister  to  the  Oxford  Professor)  found 
Silurian  organisms  embedded  in  a  breccia  derived  from  the  dis- 
integration of  the  metamorphic  rock.  Her  discovery  was  most 
important,  more  so  than  is  generally  recognized ;  proving  that  during 
the  deposition  of  the  Upper  Silurians  the  Malvern  Hills  formed  an 
Island,  in  all  probability  the  summit  of  a  former  mountain,  buried 
beneath  a  great  accumulation  of  strata  then  in  process  of  deposition, 
the  margins  of  which  consisted  of  fragments  of  the  metamorphic 
rock  which  had  fallen  down  from  its  sides  into  the  Silurian  sea.' 
The  contortions  in  these  Silurian  strata,  or  the  power  that  caused 
them,  could  not  have  given  origin  to  the  mountain,  for  its  summit 
was  situated  above  the  sea- level  during  the  time  of  their  deposition ; 
on  the  contrary,  its  presence  may  have  influenced  but  not  caused, 
that  action  by  which  they  are  thrown  into  extensive  folds.  The  rudder 
does  not  cause  the  ship  to  sail,  but  determines  the  direction  of 
its  course. 

Any  movement  by  which  the  crust  of  the  earth  is  compressed 
into  a  less  lateral  space  must,  to  an  extent  commensurate  with  the 
size  of  the  area  effected,  have  a  tendency  to  cause  the  strata  to 
become  bent  and  contorted.  This  may  result  in  some  degree  from 
the  weight  of  accumulations  causing  subsidence,  and,  by  thus  pressing 
downwards  the  earth's  crust,  cause  it  also  to  be  compressed  within 
less  lateral  dimensions,  but  the  lateral  pressure  thus  developed  can 
only  be  considered  as  inducing  a  tendency  to  form   flexures ;  its 

^  Memoira  of  the  Geological  Surrey,  vol.  ii.  p.  i.  p.  66. 

'  Fragments  d^ved  from  the  hills  also  enter  into  the  composition  of  the  H0II7- 
hush  iSand»tone  (Lower  Silurian). 
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extent  being  limited  to  the  difference  between  the  measurement  of  the 
portion  of  the  earth's  circumference  and  the  Chord  of  its  Arc  included 
in  any  area  referred  to.  This  variation  will  be  found  comparatively 
80  slight  as  to  be  utterly  inadequate  to  account  for  the  presence  of 
such  foldings  as  occur  in  many  districts ;  though  it  is  to  such  a 
cause  they  are  not  infrequently  attributed.  The  impossibility  of 
these  oontortions  being  the  result  of  such  subsidence  may  be  best 
illustrated  by  taking  two  slips  of  wood  (Fig.  1  a,  h)  of  equal  length 
— say  10  feet — fastened  together  at  one  end  by  a  hinge  (c) ;  one  (a) 
being  fixed  so  as  to  remain  straight,  the  other  (&)  bent  to  represent 
a  curve,  the  greatest  distance  (d)  between  the  chord  (a)  and  the 
carve  (h)  being  six  inches;  it  will  be  apparent  that  the  distance 
between  the  extremities  of  the  slips  of  wood  will  be  very  slightly 
over  three-quarters  of  an  inch  (e) ;  an  amount  too  insignificant  to  be 


capable  by  the  pressing  down  of  the  one  upon  the  other  to  form 
foldings  such  as  are  frequently  met  with  in  geological  formations. 

{To  he  continued.) 
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Cornwall. 

By  W.  Matnabd  Hutchinos,  Esq. 

IN  the  autumn  of  1887,  during  a  stay  in  North  Cornwall,  I  paid 
a  hasty  visit  to  Tintagel,  and  took  away  a  few  specimens  of 
rocks,  without,  however,  having  time  or  opportunity  to  examine 
more  than  very  superficially  into  their  field-relationships. 

In  subsequently  studying  sections  with  the  microscope  I  found 
myself  unable  to  correctly  interpret  some  of  them,  notably  a  certain 
highly  schistose  rock  consisting  mainly  of  calcite  and  chlorite,  with 
residues  of  triclinic  felspars.  Mr.  Teall,  who  very  kindly  looked 
over  several  sections  for  me,  suggested  that  this  was  a  highly 
altered  and  mechanically  metamorphosed  igneous  rook,  which  might 
prove  to  be  derived  from  a  certain  epidiorite  occurring  not  far  from 
it ;  and  made  other  remarks  and  suggestions  which  decided  me  to 
pay  another  and  longer  visit  to  Tintagel  in  the  following  year. 

As  a  result  of  this  visit,  and  the  subsequent  examination  of  a 
series  of  rock-specimens  then  collected,  I  venture  to  offer  a  few 
notes  on  the  altered  igneous  rocks  of  the  coast  in  the  immediate 
vicinity,  viz.  from  a  point  near  Boscastle  to  the  south  end  of 
Trebarwith  Strand. 

The  more  or  less  altered  ''Greenstones"  of  the  coast  further 
south  have  been  studied  and  described  to  a  considerable  extent.  A 
resume  of  the  work  done  is  given  and  discussed  in  Teall' s  ''  British 
Petrography."     So  far  as  I  am  aware,  the  corresponding  rocks  of 


54       W.  Jf.  Sutchings — Altered  Igneous  Bocks,  TintageL 

the  more  northern  part  of  the  coast  have  not  received  a  similar 
amount  of  attention. 

Keferring  to  the  map  of  the  Geological  Survey  of  the  district,  we 
find  no  occurrences  of  ''  Greenstone  "  marked  along  the  coast,  or  its 
immediate  vicinity,  from  the  neighbourhood  of  Port  Isaac  to  that  of 
Tintagel,  where  several  outcrops  are  indicated,  extending  along  to 
near  Boscastle,  where  we  pass  from  the  Devonian  to  the  Carboni- 
ferous rocks.  There  are,  however,  other  prominent  occurrences  of 
greenstone  around  Tintagel  which  are  not  shown  on  the  map, 
notably  the  very  extensive  exposure  at  Trebarwith  Strand  which  is 
alluded  to  by  De  la  Beche  in  his  "  Keport  of  the  (Jeology  of  Corn- 
wall, Devon,  and  West  Somerset "  (1839). 

In  this  report  there  are  several  references  to  the  igneous  rocks 
of  this  special  strip  of  the  coast.  Thus,  on  pp.  66  and  57,  Beche 
speaks  of  "schistose  beds"  which  are  intermingled  with  the  '* slates 
and  grits  which  emerge  from  beneath  the  Carboniferous  system," 
and  describes  these  schistose  rocks  8is  "strongly  reminding  us  of 
the  substance  of  greenstone,  finely  comminuted  and  permitted  to 
settle  in  water  in  which  calcareous  matter  was  occasionally  present." 
He  states  that  "  greenstones,  some  large-grained,  occur  near  Tintagel, 
and  the  trappean  schistose  rock  is  also  discovered  mingled  with 
them,  particularly  towards  Bossiney." 

He  looks  on  the  "  schistose  trappean  rock  "  as  an  altered  ash,  and 
considers  that  the  two  kinds,  compact  and  schistose,  have  "  probably 
been  erupted,  one  in  the  state  of  igneous  fusion,  and  the  other  in 
that  of  ash,  during  the  time  that  the  mud  now  forming  slates  was 
deposited." 

This  sharp  distinction  made  by  Beche  between  the  compact  and 
schistose  rocks  of  this  neighbourhood,  and  the  definite  inference  he 
draws  as  to  their  different  conditions  of  origin,  would  not  now,  with 
modem  methods  of  examination,  hold  good  in  all  cases.  Passages 
of  his  "  large-grained "  or  "  compact "  greenstone  into  the  most 
highly  schistose  rock  may  be  observed  which  leave  no  doubt  that 
the  original  material  was  one  and  the  same  for  both. 

There  are  other  occurrences  of  schistose  rock  whose  origin  we 
may  safely  say  was  igneous,  but  concerning  which,  in  their  present 
extremely  altered  condition,  we  could  not  arrive  at  any  safe  con- 
clusion as  to  whether  they  have  been  derived  from  massive  or 
fragmental  material. 

The  occurrence  which  I  will  first  notice  is  seen  in  the  cliff  at  the 
side  of  a  cove  which  is  not  named  on  the  map,  and  of  which  I  heard 
no  name  on  the  spot.  It  is  the  next  little  inlet  south  of  Bossiney 
Cove,  separated  from  it  only  by  the  neck  of  land  off  which  lie  the 
rocks  called  "  The  Sisters."  The  exposure  in  question  is  at  the 
south  side  of  this  nameless  cove.  There  is  an  outcrop,  at  the  surface 
above  the  cliff,  of  angular  craggy  blocks,  and  the  continuation  may 
be  seen  dipping  steeply  down  towards  the  sea.  At  the  outcrop  the 
rock  is  coarse-grained  and  massive,  showing  no  foliation  at  all.  It 
IS  very  hard  and  tough,  making  excellent  road-metal,  for  whidi 
purpose  it  is  taken  in  quantity  from  a  similar  outcrop  in  a  field  a 


lens  were  taken  at  three  p-)ints:    No.  1.  o'ltd-'p  :   N<>.  *J.  :\ 
■s  ilowu  the  clitT;    Xt,».  ."I.  iit-ar  the  iiurr'iiii.  a  trw  yir']>  aii  'At; 

of  tlie  j>ea.  Microscopic  examination  ut"  seetinns  Ironi  thtse 
18  shows  internal  changes  corresponding  to  the  outward 
es  ia  texture  and  general  appearance. 

is  essentially  a  hombleude-plagiodase  rock.  The  horn* 
8  all  green,  secondary  and  aralitio.  It  is  mostly  pale  in 
ith  very  moderate  pleochroism,  but  some  portions  are  of  a 
teper  oolonr  and  powerful  pleochroism,  the  contrast  being 
)n  in  contiguous  parts  of  one  individual,  one  portion  being 
)lonrle88,  and  the  other  a  very  deep  green,  though  they  ex- 
together  and  give  nearly  the  same  colours  of  polarization, 
dlspar  is  nearly  all  very  turbid,  but  the  columnar  form  of 

the  crystals  is  still  perfect,  and  they  are  still  fresh  enough 

twinning,  binary  and  multiple.  The  structure  of  the 
rock  is  shown  to  have  been  markedly  ophitic  by  the  fact 
ly  of  the  individuals  of  hornblende  are  penetrated  by  felspar 
in  some  cases  being  nearly  bisected.     Crystals  of  apatite 

here  and  there.  There  is  comparatively  little  chlorite  or 
mt  epidote  is  abundant,  both  in  finely  granular  form  in  the 
ide  and  in  crystals  and  irregular  fragments  and  grains  all 
»  sections.  It  is  all  quite  colourless  and  non-dichroic 
ne  is  plentiful  in  large  plates  and  patches  surrounding 
amounts  of  residual  ilmenite;  and  some  granular  sphene 

seen.  There  are  grains  and  little  patches  of  secondary 
and  a  very  few  bits  of  perfectly  water-clear,  obviously 
J  felspar,  without  any  trace  of  definite  form  or  of  twinning, 
3d  by  its  optic  behaviour. 

rock  is  a  typical  epidiorite,  of  which  we  may  say  with 
certainty  that  it  was  derived  ^  from  a  coarse-grained  ophitic 
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also  considerably  in  amount.     Leucoxene  and  epidote  remain  in 
about  the  same  proportions  as  in  No.  1. 

But  it  is  more  the  mechanical  than  the  chemical  or  mineralogical 
change  which  is  very  striking  in  this  part  of  the  rock.  It  has 
become  very  much  foliated,  and  sections  cut  across  the  schistosity 
show  in  a  beautiful  manner  what  a  great  amount  of  stress  and 
internal  movement  it  has  undergone.  The  chlorite  is  drawn  out  into 
long,  curving  parallel  bands  and  streaks,  and  most  of  the  calcite  and 
leucoxene  have  been  squeezed  out  into  long  lenticles,  tapering  off 
into  thin  tails.  Hornblende  also  is  crushed  into  layers,  but  in  a  less 
degree,  and  much  of  it  is  now  in  the  form  of  detached  needles  and 
fibres.  Epidote  has  not  been  drawn  out  into  streaks,  but  is  more 
broken  up  and  separated  and  more  or  less  arranged  in  lines  ;  and 
the  irregular  bits  of  this  mineral  lying  in  among  the  bands  and 
len tides  of  the  other  constituents  which  have  behaved  more 
plastically,  often  serve  to  more  distinctly  mark  the  amount  of  '<fiow" 
which  has  taken  place  around  their  angles.  It  would  be  difficult,  I 
imagine,  to  find  anywhere  a  more  striking  example  of  the  great 
alteration  which  may  be  effected  in  rock-structure  by  pressure  and 
shearing-movement  than  is  here  given  within  a  space  of  some  thirty 
yards  or  less. 

Sections  of  No.  3  show  that  hornblende  has  wholly  disappeared, 
chlorite  taking  its  place.  Calcite  is  more  abundant  than  in  No.  2, 
while  epidote  is  nearly  wholly  absent.  It  may  be  stated  that  over 
a  large  number  of  sections  of  rocks  of  this  district  which  I  have 
examined,  calcite  and  epidote  very  generally  appear  in  inverse 
proportions.  They  are,  of  course,  very  liable  to  be  originally 
developed  in  inverse  proportions.  They  both  originate  from  the 
alteration  of  the  same  calcareous  silicates,  and  varying  conditions 
under  which  this  alteration  is  carried  on  may  give  rise  to  varying 
amounts  of  the  two  minerals  in  question,  even  in  closely  adjoining 
parts  of  a  rock.  But  it  seems  not  unlikely  that  epidote  may  be 
altered  into  calcite  under  some  circumstances.  I  have  seen  no 
mention  of  this,  nor  have  I  detected  any  epidote  actually  under- 
going the  change  to  calcite.  Nevertheless,  the  frequent  oscillation  in 
the  relative  amounts  of  the  minerals  in  these  rocks  has  constantly 
suggested  such  a  change,  which  is  likely  enough  from  a  chemical 
point  of  view,  as  a  possible  explanation. 

The  most  striking  change  in  No.  3,  as  compared  with  No.  2,  is 
that  turbid  felspar  has  now  almost  entirely  given  way  to  water- 
clear.  Much  of  it  here  shows  twinning.  It  is  more  or  less  full 
of  bits  of  chlorite,  and  other  mineral  enclosures  which  cannot  be 
determined.  Quartz  has  undergone  a  further  very  decided  increase. 
Leucoxene  is  still  abundant,  but  some  patches  of  it  are  seen  to  be 
very  much  altered  to  rutile  in  grains  ;  and  small  crystals  of  rutile, 
some  as  sagenite,  are  abundant  in  some  parts  of  the  chlorite.  The 
foliation  is  seen  to  be  more  highly  developed,  the  parallelism  of  the 
bauds  of  chlorite,  etc.,  being  greater,  and  their  course  less  carved 
and  wavy,  which  corresponds  with  the  much  greater  tendency  of 
this  part  of  the  rock  to  split  into  flattish  pieces. 
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[  may  here  mention  that  it  was  a  section  of  this  schist  which  Mr. 
ill  saw,  together  with  a  piece  of  the  epidiorite,  though  from 
»ther  outcrop.  His  suggestion  that  they  might  prove  to  be  directly 
inected  in  derivation  was  made  at  the  time  without  the  slightest 
)wledge  of  the  actual  field-relationships,  but  has  proved  to  be 
fectly  correct. 

iVe  have  here,  then,  a  very  interesting  case  of  the  passage  of  a 
isive  epidiorite  into  a  perfect  chlorite-schist ;  and  doubtless  a 
ther  series  of  specimens,  taken  at  shorter  intervals,  would  prove 
y  instructive. 

lilts  sheet  is  of  but  moderate  thickness— a  few  feet  only.  It 
tears  to  be  separated  from  a  very  much  thicker  sheet,  which 
lerlies  it,  by  a  bed  of  shale  or  slate,  the  contact  with  which  is 
1  seen  at  the  lower  part  of  the  cliff.  Concerning  the  question  as 
whether  this  and  other  sheets  of  igneous  material  to  which  I 
U  allude  are  intrusive  or  contemporaneous,  it  seems  that  De  la 
he  regarded  them  all  as  being  the  latter.  So  far  as  my  own 
srvation  goes,  I  should  incline  to  hold  the  same  opinion,  at  least 
onoems  those  exposures  where  a  considerable  extent  of  the  upper 

lower  contacts  with  the  slates,  etc.,  is  plainly  visible.  But  I 
lid  express  this  opinion  with  much  diffidence,  in  view  of  the 
it  disturbances  which  have  everywhere  taken  place  in  this 
rict,  and  the  great  amount  of  alteration  the  rocks  have  undergone. 
lie  sheet  just  considered  appears  to  follow  the  curve  of  the  coast 

to  wind  round  towards  Barras  Nose  and  the  Castle  Cove;  but 
)h  of  the  intervening  shore  is  inaccessible  and  examination  could 

be  made.  About  two-thirds  of  the  way  towards  Barras  Nose 
re  is  another  outcrop  of  chloritio  epidiorite,  intermediate  in  nature 
ireen  No.  1  and  No.  2. 

n  the  Castle  Cove  is  exposed  a  sheet  of  rock  which  I  am  inclined 
hink  is  very  likely  a  continuation  of  the  one  just  described,  though 
\  not  possible  to  trace  the  connection  to  the  point  of  proof.  The 
are  of  the  rock  is  here  different  in  many  respects,  but  nothing  is 
re  striking  than  the  considerable  and  often  rapid  changes  of 
racter  which  the  igneous  rocks  of  this  district  show.  The  sheet 
llude  to  is  seen  on  both  sides  of  the  Cove.  On  the  left  it  is 
3cessible  in  the  cliffs  of  ''  Tintagel  Head,"  but  on  the  right  it 
f  be  freely  examined.  It  overlies  a  bed  of  black  shale,  with 
Ich  its  contact  is  sharply  defined ; — the  same  bed  of  shale  which, 
ving  steeply  upwards  from  the  Cove,  passes  right  under  a  portion 
he  "  Mainland/'  part  of  the  Castle.  So  that  originally  this  sheet 
gneoos  rock  swept  up  over  the  country  inland,  but  is  now  wholly 
loved  by  denudation.  As  seen  at  the  right-hand  side  of  the  cove, 
?re  the  fishing-boat  is  hung  on  davits,  it  is  a  hard,  grey,  rather 
^-grained,  moderately-foliated  rock.      It  is  a  good  deal  jointed 

cracked,  and  all  these  cracks  are  filled  with  quartz.  This  is  the 
f  case  in  the  district  of  an  igneous  rock  being  veined  with  quartz 
ead  of  the  nsual  calcite. 

1)6  microscope  shows  it  to  consist  mainly  of  felspar  and  chlorite, 
toat  an  J  trac^  of  original  ferro-magnesian  mineral  or  o£  secondary 
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hornblende.  The  felspar  is  maoh  the  predominant  constituent,  and 
part  of  it  is  better  preserved  here  than  in  any  other  local  rock  I  have 
examined.  Much  of  it  is  again  in  the  indefinite  and  untwinned 
water-clear  condition,  but  with  this  there  ai-e  a  great  many  well- 
twinned  crystals  of  columnar  form.  Binary  twinning  is  most 
prevalent  A  series  of  measurements  of  maximum  extinctions 
shows  that  much  of  the  felspar  belongs  to  the  labradorite-anorthite 
group,  though  more  acid  felspars  seem  to  be  present,  most  likely  of 
secondary  metamorphio  origin.  Chlorite  and  calcite  are  in  only 
moderate  amount  Secondary  quartz  is  tolerably  plentiful,  both  in 
grains  of  good  size  and  as  a  mosaic  of  smaller  ones.  Leucoxene 
with  residual  ilmenite,  granular  sphene,  a  little  epidote,  apatite,  small 
flakes  of  biotite,  and  rutile  in  slender  needles,  and  bunches  of 
needles  go  to  make  up  this  rock.  Bent  and  broken  crystals  of 
felspar,  and  strongly  undulous  extinctions  both  of  felspar  and  quarts, 
bear  witness  to  severe  strain.  The  fact  that  much  of  the  quarts 
shows  these  effects  of  stress  goes  to  prove  that  the  rock  was  very 
much  altered  before  this  stress  was  applied. 

In  the  centre  of  the  Cove,  almost  under  the  waterfall,  another 
exposure  of  igneous  rock  is  seen,  quite  at  the  bottom  of  the  cliff. 
The  extent  of  it  visible  is  small.  It  makes  the  impression  of  being 
the  upper  part  of  a  curve  or  fold  of  a  sheet  If  this  is  so,  and 
supposing  the  sheets  to  be  contemporaneous  and  not  intrusive,  this 
rock  is  older  than  the  last  described,  considerable  thickness  of 
sedimentary  material  intervening.  This  rock  is  very  schistose.  It 
is  highly  altered,  very  little  of  its  abundant  felspar  having  any 
definite  form  as  compared  with  the  last  Calcite,  chlorite  and  quartz 
are  in  large  amount,  there  is  also  much  ilmenite  in  various  stages 
of  alteration  to  leucoxene,  and  many  of  the  large  patches  of 
chlorite  are  full  of  beautiful  sagenitic  rutile. 

Again,  passing  from  the  Castle  Cove  by  the  path  between  the 
mainland  and  the  so-called  '*  island "  of  Tintagel  Head,  and  de- 
scending to  the  shore  below  the  steep  west  cliff  of  the  mainland 
part  of  the  Castle,  we  come  upon  a  section  of  several  sheets,  or 
bands,  of  igneous  rocks  of  various  thickness,  with  intervening  black 
shale.  The  upper  sheet  is  some  feet  in  thickness,  then  comes  a  bed 
of  shale  in  which  are  two  or  three  sharply  separated  bands  of 
igneous  rock  of  a  few  inches  only,  and  finally  a  lower  sheet  of 
which  some  four  to  six  feet  are  seen.  They  are  only  exposed  for  a 
few  yards.  It  is  not  possible  to  make  out  anything  with  certainty, 
but  very  probably  the  upper  poition  of  this  exposure  is  connected 
with  the  rock  seen  near  the  waterfall  in  the  Castle  Cove. 

I  have  examined  specimens  from  the  upper  band  of  the  series. 
It  is  again  a  very  schistose  rock.  Microscopically  it  is  interesting 
because  it  contains  a  good  deal  of  what  may  undoubtedly  be  con- 
sidered to  be  original  igneous  structure.  The  felspar,  very  abundant, 
is  partly  turbid  and  partly  water-clear,  and  all  the  larger  individuals 
are  more  or  less  full  of  flakes  of  muscovite.  Crystal  forms  are  well 
retained,  and  twinning,  both  binary  and  multiple,  is  very  little 
obliterated*    Tabular  crystals  are  most  numerous,   but  columnar 
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■hapeB  are  also  well  represented.  Besides  the  large  crystals,  how- 
ever, there  are  a  oonsiderable  nniuber  of  muoh  smaller  lath-shaped 
fslspars.  These  are  all  water-dear,  well  twinned,  and  quite  fresh  as 
to  optic  qualities.  They  all  extinguish  at  very  small  angles.  There 
is  no  sign  of  any  original  ferro-magnesian  mineral,  wbioh  is  now 
only  represented  by  abundant  ohlorite.  There  is  muoh  lenooxene ; 
but  little  sphene  or  mtile.  Broken,  bent,  and  optically  strained 
crystals  are  in  plenty  here  as  in  the  other  rocks. 

The  two  rocks  of  tiie  Castle  Cove  may  have  resulted  from  the 
alteration  of  either  massive  or  fragmental  igneous  materials;  the 
micToacopic  study  of  them  does  not  afford  sufficient  evidence  for 
decision  one  way  or  other.  But  the  structure  of  the  rock  just 
described  seems  plainly  to  show  that  it  was  a  massive  one,  its 
numerous  larger  felspars  set  in  a  ground-mass  of  which  the  smaller 
lath-shaped  crystals  formed  part.  It  was  probably  a  basic  rock, 
though  much  of  its  felspar  seems  now  altered,  by  dynamic  mota- 
morphism,  to  mere  add  forms. 

The  main  occurrenoe  of  altered  igneous  rock  in  this  district, 
however,  is  on  a  very  much  larger  scale  than  any  of  those  above 
described,  and  forms,  indeed,  one  of  the  principal  features  of  the 
coast  at  some  parts  of  the  parish  of  Tintagel. 

{To  be  concluded,) 


III. — On  the   Ballantrar  Rocks  of  South  Scotland  and  theie 

Place  in  the  Upland  Sequence. 

By  Pbof.  Charles  Lapworth,  LL.D.,  F.R.S.,  F.G.S. 

(With  Plate  III.  and  a  folding  Table  extra). 

{Concluded  from  page  24.) 

Fari  II, — The  Sequence  in  the  Southern  Uplandt, 

"VTEXT  to  the  metamorphio  region  of  the  Noi-them  Highlands 
j^i  there  is  perhaps  no  area  in  Britain  where  the  strata  have 
heen  so  contorted  and  convulsed  as  in  the  great  Lower  Palaeozoic 
region  of  the  Southern  Uplands  of  Scotland,  and  it  is  only  by  the 
zonal  method  of  stratigraphy  that  these  complexities  can  ever  be 
successfully  unravelled.  So  far  as  the  present  results  of  the  appli- 
cation of  that  method  enable  us  to  judge,  it  appears  that,  underlying 
all  these  stratigraphical  complexities,  there  is,  in  reality,  a  broad 
tectonic  structure  of  great  simplicity.  For,  if  we  make  exception, 
on  the  one  hand,  of  the  lowest  strata  (the  BaUanirae  or  Arentg 
rocks),  which,  as  we  have  seen,  only  rise  to  the  surface  within 
the  limits  of  the  Ballantrae  district ;  and  on  the  other  hand  of  the 
highest  formations  (Wenloeh' Ludlow),  which  merely  skirt  the  Upland 
plateau  upon  its  north-west  and  south-west  flanks,  we  And  that 
almost  the  whole  of  the  Lower  Palaeozoic  strata  of  the  Uplands  are 
naturally  grouped  in  two  grand  lithologioal  terranes,  viz.  (J.)  a 
Lower  Terrane  {Moffat  Terrane),  including  strata  ranging  from  the 
Upper  Llandeilo  to  the  Upper  Llandovery  ;  and  (II.)  an  CTpper  Ter- 
rane (Gala  or  Queeniberry  Terrane),  embracing  strata  generally  of 
Tarannon  age. 
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The  rooks  of  the  Lower  or  Moffat  Terrane  attain  their  maximum 
development  in  the  Ballantrae-Girvan  district  to  the  extreme  north- 
west of  the  Uplands.  In  this  district  the  terrane  is  made  up  of  the 
three  successive  local  rock-formations  which  have  been  termed  by 
myself*  (a)  the  Barr  or  Stinchar  Series  (of  Bala-Llandeilo  age), 
(6)  the  ArdmiUan  Series  (of  Bala-Caradoo  age),  and  (c)  the  Neuh- 
land  Series  (Llandovery).  Its  strata  are  here  very  varied  in  litho- 
logical  character,  contain  an  abundant  fauna  of  all  the  usual 
Lower  PalaBozoic  life  types,  and  have  an  aggregate  thickness  which 
has  been  estimated  at  about  4000  feet  Followed  thence,  however, 
as  they  reappear  in  the  many  anticlinal  forms  of  the  Uplands 
towards  the  south-east,  they  diminish  very  rapidly  in  vertical  extent, 
until,  when  we  reach  the  Moffat  district  (50  miles  to  the  south-east- 
ward), the  strata  of  the  entire  terrane  are  reduced  to  a  collective 
thickness  of  300  or  400  feet.  In  this  district  also  they  have  lost 
their  original  varied  lithological  char^ters,  and  have  dwindled 
down  into  a  comparatively  homogeneous  mass  of  black,  grey  and 
white  shales :  while  their  diversified  fauna  has  degenerated  into  one 
almost  exclusively  Graptolitic'  Nevertheless,  in  spite  of  the  re- 
markable attenuation  of  the  strata  of  the  terrane,  its  three  component 
formations  are  still  recognizable  as  the  three  local  divisions  of  the 
Moffat  Series,  (a)  Olenkiln  Shales,  (6)  Harffell  Shales,  and  (c)  Birh' 
hill  Shales.  Palaaontologically  these  answer  broadly  to  the  three 
Girvan  divisions,  the  Graptolites  characteristic  of  the  lowest  Moffat 
or  Glenkiln  Shales  being  equally  characteristic  of  the  lowest  or 
Stinchar  formation  of  Girvan  :  those  Graptolites  in  the  second  or 
Hartfell  division  being  found  in  the  second  or  Ardmillan  fonnation 
of  Girvan :  while  those  of  the  highest  or  Birkhill  shales  agree 
precisely  with  the  fonns  characteristic  of  the  third  or  Newland 
formation  of  Girvan.  This  parallelism  is  not  only  evident  as  respects 
each  of  the  three  successive  subfaunas,  but  many  of  the  subordinate 
zones  in  these  widely  separated  districts  admit  of  an  equally  satis- 
factory parallelism  in  sequence  and  in  lithology,  as  well  as  in 
characteristic  fossils.' 

To  the  south-west  of  the  Moffat  district  the  rocks  of  the  Moffat 
Terrane  soon  plunge  below  strata  of  more  recent  age,  and  are  seen 
no  more  within  the  limits  of  the  Scottish  Uplands.  They  must, 
however,  still  retain  their  attenuated  and  deep-water  character  for 
many  miles  in  their  subterranean  course  in  this  direction;  for 
when  they  re-emerge  in  the  Lake  district  (as  the  Coniston  lAme' 
stone  Group  and  Skellgill  Graptolitic  Shales),  their  middle  members 
{Coniston  Limestone  Series)  have  only  gained  a  few  hundreds  of  feet 
in  collective  extent,  while  the  strata  of  their  highest  division  (Birk- 
hill or  Skellgill  Shales)  are  practically  unaltered  in  lithology,  thick- 
ness, and  in  fossils.^ 

Graduating  upward  conformably  from  the  highest  beds   of  the 

»  lapworth,  Girvan  Succession,  Q.J.G.S.  1882.  pp.  637-666. 
»  Jbid,  Moffat  Series,  Q  J.G.S.  1878,  pp.  240-346. 
>  Compare  Tables  a  J.G.S.  1882,  p.  660,  and  1878,  p.  260. 
*  Marr  and  Nicholson,  Q.J.G.S.  1888,  pp.  706-708. 
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^ff^it  Terrane  in  the  Scottish  Uplands  we  find  the  grand  mass  of 
^fe  or  less  barren  flagstones,  shales,  and  grey wackes  which  make  up 
|L  ^'^erlying  Gala  or  Queensherry  Terrane,  In  the  Girvan  district 
^^  "Sticks  belonging  to  this  terrane  form  the  local  DaiUy  series,^  and 
^  ^oout  2500  feet  in  thickness,  consisting  mainly  of  repetitions  of 
Cj^  S^ts,  flagstones,  and  red,  green  and  purple  shales.  The 
— ^ptolitio  fauna  of   the   terrane   is  more  or  less   transitional  in 


'jrr**'«^er.    Several  forms  are  certainly  peculiar  to  the  Gala  beds, 

l^*^the  older  zones  contain  many  survivors  of  the  Moffat  (BirJchW) 

i^^^^  while  the  higher  zones  yield  several  species  which  recur  in 

^|?^^verlying  Biccartan  (Wenlock)  rocks.     The  strata  of  the  Gala 

-^^^*^6  grow  somewhat  thicker  and  coarser  as  they  are  followed 

^^•tward  from  Girvan  over  the  Uplands,  and  fossils  become  rarer ; 

»l^t  even  in  the  central  parts  of  the  plateau  (Dumfriesshire  ancl 

^J^lkirkshire)  a  lower  (Queensberry)  and  a  higher  (Grieston)  division 

5^  still  be  roughly  made  out.     Followed,  however,  still  farther  to 

^^6  south-eastward,  the  rocks  of  the  terrane  soon  imitate  the  example 

^f  the  underlying  Moffat  series,  becoming  much  finer  in  grain  and 

^eoreaaing  in  thickness.     IlHnally,  the  whole  terrane  plunges  in  this 

^'pection  (Hawick,  etc.)  below  the  Wenlock  rocks  of  Kiccarton  and 

^irkoadbright,  and  when  it  re-emerges  in  the  Lake  district,  it  has 

dwindled  down  to  an  attenuated  series  of  coloured  shales  and  flags 

^BrowffiU  or  Pale  Shales)  with  a  collective  thickness  of  less  than 

4300  feet'    Even  here,  however,  its  strata  are  still  marked  by  the 

mame  two  transitional  subfaunas  as  those  of  the  great  Oala  Group 

of  the  Scottish  Uplands. 

We  And,  therefore,  that  while  the  South  Scottish  strata  of  the 
Moffat  Terrane  are  reduced  to  nearly  a  tenth  of  their  original  thick- 
nees  within  a  comparatively  short  distance  (25  to  50  miles)  of  the 
'Girvan  district,  the  thickness  of  the  massive  Gala  Terrane  remains 
practically  undiminished  over  most  of  its  visible  range  in  the 
Scottish  Uplands,  and  is  even  augmented  in  the  central  parts  of  the 
plateaa.  Hence  in  spite  of  its  greatly  inferior  systematic  importance, 
the  Oala  Terrane  has  a  collective  thickness  over  the  Upland  region 
far  in  excess  of  that  of  the  underlying  Moffat  series.  It  follows, 
as  a  natural  consequence  of  this  fact,  that  when  we  regard  the 
Upland  region  from  the  structural  or  tectonic  point  of  view,  we 
find  the  main  mass  of  its  visible  rocky  floor  is  formed  of  the  rocks  of 
this  great  greywacke  or  Gala  terrane.  This  has  been  crushed  into 
innumerable  wrinkles  and  puckers ;  the  strata  of  the  underlying 
Moffat  series  rising  to  the  surface  only  along  some  of  the  larger 
anticlinal  forms.  As  in  other  convoluted  regions,  the  vast  majority 
of  these  folds  are  of  the  class  known  as  over/olds  or  inverU  d  folds, — 
the  axial  plane  of  each  fold  being  more  or  less  inclined  to  the 
horizon ;  and  thus  the  apparent  dip  of  the  truncated  strata  seen  in 
section  gives  no  clue  whatever  to  the  natural  succession  of  the  beds. 
But  for  many  years  it  has  been  acknowledged  on  all  hands  that 
these  overfolds  are  broadly  related  in  position  to  two  main  struc- 

*  Q.J.G.8.  1882,  p.  659. 

*  Marr  and  Nicholson,  Q.  J.G.S.  1888,  pp.  674-678,  etc 
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taral  lines,  to  which  their  axial  planes  strike  more  or  less  parallel, 
along  which  they  are  practically  perpendicular,  and  from  which,  or 
to  whicb,  they  slope  as  we  pass  outwards  in  opposite  directions. 
These  neutral  lines  run  longitudinally  (but  somewhat  obliquely) 
through  the  Upland  region  from  sea  to  sea.  The  southern  line 
sweeps  from  St.  Abb's  Head  past  Hawick  and  Dumfries  towards  the 
Mull  of  Galloway,  and  the  northern  line  from  Dunbar  through  the 
Lammermuir  and  Moorfoot  Hills,  past  Lead  Hills  and  Carsphaim  to 
the  sea  near  Port  Patrick.  From  the  opposite  sides  of  the  Southern 
(Hamekline)  the  axial  planes  of  the  parallel  overfolds  slope  out- 
wards  to  the  south-east  and  north-west,  the  axes  of  the  two  opposed 
sets  of  folds  having  been  pushed  over  in  opposite  directions  upon  the 
neutral  line.  Along  the  opposite  sides  of  the  northern  (Lead  Hilh) 
line  the  axes  of  the  inverted  folds  usually  dip  inwards,  the  axial  planes 
of  the  two  opposed  sets  of  folds  sloping  obliquely  outwards  above  from 
off  the  neutral  line.  In  this  second  case  (Lead  Hills  line)  we  have 
clearly  nothing  more  than  the  ordinary  *^  fan  structure !'  of  mountain 
areas.  In  the  first  case  (Hawick  line)  we  have  merely  the  *'fan  struc- 
ture" inverted.  I  have  discussed  elsewhere^  the  stratigraphio 
significance  of  these  forms  in  mountain  areas  generally,  and  have 
shown  that  we  must  naturally  expect  to  find  the  deepest  strata  in 
the  **fan  structure"  {endocHne)  or  pseudo-synclinal  form  and  the 
highest  in  the  folds  of  the  inverted  fan  structure  {exocline)  or 
pseudo-anticlinal.  These  deductions  are  strikingly  exemplified  in 
the  present  instance.  The  whole  of  the  Gala  terrane  has  been  swept 
off  for  some  miles  on  both  margins  of  the  Lead  Hills  pseudo-syn- 
clinal, and  the  locally  thick  Moffat  terrane,  which  is  there  some 
thousands  of  feet  in  vertical  extent,  has  been  eroded  almost  to  its 
base.  Along  the  Hawick  pseudo-anticlinal,  on  the  contrary,  the 
rocks  of  the  Moffat  terrane  are  wholly  buried  from  sight,  while  the 
Gala  terrane  is  present  from  base  to  summit,  and  subsides  to  the 
southward  under  the  still  higher  group  of  the  Riccarton  and  Balmae 
series  (the  Upland  equivalents  of  the  Wenlock  and  Lower  Ludlow 
strata  of  Siluria). 

Honghly  parallel  with  these  two  neutral  lines  (or  axes  of  axes), 
to  others  less  perfectly  defined,  and  also  to  several  gigantic  strike- 
faults,  the  strata  of  the  Scottish  Uplands  are  ridged  up  into  over- 
folds  of  all  degrees  of  importance  and  complexity,  from  the  crests  of 
which  the  rocks  of  the  Gala  terrane,  in  many  cases,  have  been 
removed,  and  the  strata  of  the  underlying  Moffat  terrane  laid  bare. 
The  exposures  of  these  pre-Gala  strata  usually  occur  in  more  or 
less  connected  areas,  in  broad  boat-like  patches,  or  in  narrow  dis- 
connected moniliform  lines.  These  are  disposed  in  broad  geogra- 
phical bands  or  zones  which  range  longitudinally  through  the  district 
parallel  with  the  chief  axial  lines.  Three  of  these  bands  are 
especially  conspicuous:  (1)  the  S.E.  band  of  Wigtown,  Moffat  and 
Melrose  (MoffaUMelrose  hand),  (2)  the  central  band  of  Port  Patrick, 
Lead  Hills  and  Lammermuirs  (Lead  Hilh — Moorfoot  band), &nd  (3)  the 
western  zones  of  Ballantrae  and  Girvan,     Each  of  these  bands  is  in 

^  Lapworth,  Geol.  Mao*  188S,  p.  138,  etc. 
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reality  tlie  locus  of  a  oomplex  anticlinal  form,  whose  component 
simple  folds  have  been  crashed  together,  overthrust,  and  irregularly 
denuded.  As  we  pass  from  the  Mo£fat  area  to  the  north-eastward, 
we  find  that  each  of  these  compound  anticlinals  increases  in  length, 
depth,  and  systematic  importance.  In  the  anticlinal  forms  of  the 
first  band  {Moffat- Melrose)  the  exposures  of  the  strata  of  the  Moffat 
rocks  appear  as  narrow  inliers  in  the  locally  ended  Gala  terrane, 
and  are  at  the  most  a  score  or  two  of  yards  in  width;  while  the 
total  thickness  of  the  prcrGala  rocks  exposed  (Birkhill  to  Glenkiln) 
is  only  from  300  to  400  feet  In  the  anticlinal  forms  of  the  second 
hand  {Lead  Hills — Moorfoot)  the  exposure  of  the  pre-Gala  rocks  are 
often  more  than  a  mile  in  diameter;  and  the  strata  of  the  locally 
thick  Moffat  Series  are  occasionally  laid  bare  to  a  depth  of  at 
least  two  thousand  feet,  down  to  the  calcareous  strata  at  their  base 
(Duntercleuch  and  Wrae  Hill).  Finally,  in  the  most  westerly 
anticlinal  forms  (those  of  Ballantrae  and  Girvan)  the  exposures  of 
the  pre-Gala  rocks  are  four  or  five  miles  across ;  and,  as  we  have 
seen,  not  only  is  the  locally  massive  Moffat  series  exposed  from 
summit  to  base  (4000  feet),  but  even  the  underlying  Ballantrae 
or  Arenig  rocks  are  laid  bare,  as  far  down  as  the  horizon  of  the 
Skiddaw  Slates. 

In  the  complex  synclinal  zones,  between  these  complex  anticlinal 
zones,  the  rocks  of  the  Gala  terratie  form  broader  parallel  bands 
sweeping  longitudinally  through  the  Uplands  from  sea  to  sea.  The 
widest  bands  are  those  ranging  along  the  exocline  (Hawick  line) 
already  described,  and  those  of  Gala,  Broadlaw,  and  Queensberry. 
These  bands,  however,  are  all  united  into  a  more  or  less  continuous 
sheet,  the  Moffat  exposures  which  locally  divide  them  being  usually 
of  small  longitudinal  extent.  The  Gala  beds,  on  the  other  hand, 
which  occur  north  of  the  main  Lead  Hills  anticlinal  {endocline)^  as 
at  N.W.  Peebles,  L.  Doon,  Girvan,  etc.,  are  usually  disconnected, 
narrower,  and  of  minor  importance. 

The  component  formations  of  the  underlying  Moffat  terrane  are 
frequently  well  exhibited  along  the  eroded  crest  of  the  intermediate 
anticlinal  bands  between  the  more  or  less  continuous  sheets  of  Gala 
rocks,  and  their  gradual  change  in  thickness,  lithology,  and  palsdon- 
tology  can  be  followed,  stage  by  stage,  as  we  pass  from  place  to 
place,  and  from  fold  to  fold. 

Commencing  with  the  most  southerly,  or  Moffat-Melrose  band, 
we  find  that  in  the  typical  area  of  the  Moffat  district  we  have 
merely  the  three  Graptolitic  zones  of  the  Glenkiln,  Hartfell  and 
Birkhill,  forming  a  comparatively  homogeneous  mass  of  grey  and 
black  shales  and  mudstones.  Followed,  however,  even  along  the 
line  of  strike  to  the  north-west,  towards  Selkirk  and  Melrose,  the 
beds  thicken,  and  bands  of  grit,  flagstone,  and  conglomerate  come 
in  between  the  shale  zones  in  definite  and  recognizable  order.  But 
when  followed  at  right  angles  to  the  strike  from  S.E.  to  N.W. 
transversely  across  the  Uplands,  the  change  is  very  much  greater. 
The  entire  series  thickens  rapidly,  and  the  black  shale  bands  are 
replaced  one  by  one  from  above  by  barren  flagstones  and  shales^ 
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similar  in  all  their  lithological  features  to  those  characteristic  of  the 
overlying  Gala  terrane. 

Proceeding  still  farther  in  this  north-westerly  direction  to  the 
grander  anticlinal  forms  of  Carsphaim,  Wenlockhead,  Moorfoot  Hills, 
etc.,  we  find  the  Mofiat  Series  represented  by  a  great  thickness  of 
grey  shales,  flagstones,  greywackes,  and  fine  conglomerates,  with 
occasional  black  shale  zones  (which  are  most  numerous  near  the 
base  of  the  series),  the  whole  being  intermediate  in  geographical 
position,  in  thickness,  in  lithological  features,  and  in  palsBontological 
characters  between  the  attenuated  Mo£fat  Series  to  the  S.E.  and  the 
magnificent  development  of  the  same  terrane  in  the  Girvan  region 
to  the  N.W.  In  these  intermediate  anticlinal  forms  we  can  rudely 
distinguish  three  main  rock-groups,  which  are,  however,  so  con- 
voluted and  interfolded  that  their  details  are  as  yet  only  partly 
worked  out,  their  thickness  is  unsettled,  and  their  boundaries  ill 
defined.  In  the  cores  of  the  main  anticlinal  forms  of  the  Lammer- 
muir-Moorfoot  area  we  find  (1)  a  group  of  grey  and  black  shales, 
with  flinty  bands,  grits,  and  conglomerates  (Moorfoot  Group) ^  the 
inner  Zimes  of  which  yield  the  Graptolites  of  the  Glenkiln  Shales, 
and  the  outer  bands  those  more  characteristic  of  the  Lower  HartfelL 
Outside  this  group  follows  (2)  a  thick  series  of  more  or  less  barren 
grey  flagstones,  shales,  grits  (Jleriot  Qrovp),  which  seems  to 
answer  in  position  and  character  to  the  barren  beds  of  the  Upper 
Hartfell.  Finally,  between  these  bari-en  shales  and  the  base  of  the 
Gala  terrane,  we  recognize  a  third  group  (3)  (Ziigaie  Group)  of 
grey  shales,  flagstones,  and  conglomerate  (?  Haggis  Rocks),  with  rare 
fossil-bearing  bands,  yielding  some  of  the  characteristic  Graptolites 
of  the  Birkhill  Shales.  In  the  anticlinal  forms  of  the  Lead  Hills, 
Carsphaim  and  Shinnelhead  districts  to  the  south-west,  as  shown  by 
the  published  Maps  *  and  Explanations  of  the  Geological  Survey,  the 
same  geographical  and  geological  grouping  is  discernible.  The  local 
Dalveen  and  Haggis  Bock  Group  of  that  region  come  into  the  place 
of  the  Lugate  Series,  the  Lowther  Group  apparently  into  the  position 
of  the  Heriot  Series,  while  the  Leadhills  Black  Shales  correspond  in 
place  and  fossils  with  the  Moorfoot  Series.  But  as  these  south-westerly 
anticlinal  forms  are  of  greater  diameter,  and  lie  many  miles 
nearer  to  the  Girvan  District,  there  appear,  in  addition,  within  the 
limits  of  the  Leadhills  Shale  Group,  representatives  of  the  lowest 
Moffat  strata  of  the  Girvan  area  in  the  form  of  the  Brachiopod- 
bearing  limestones,  grits,  conglomerates  of  Wrae  Hill,  Dunterdeuch, 
and  Glendowran.' 

Finally,  when  we  reach  the  most  distant  group  of  anticlinal  forms 
— those  of  the  Girvan- Ballantrae  District  itself — the  lithological 
and  pal  aeon  tological  modification  of  the  typical  Graptolitio  Moffat 
Series  is  complete,  and  the  terrane  is  represented  by  the  three  rock- 
formations  already  referred  to,  which  are  as  richly  varied  petro- 
logically  and  zoologically  as  are  their  equivalents  in  the  well- 
known  districts  of  Wales  and  the  West  of  England. 

1  Compare  Maps  15, 9,  3,  4,  etc.  and  the  accompanying  Explanations,  Geol.  Sonrej, 
Scotland.  >  Explan.  Sheet  16,  p.  14,  etc 
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Saoh  I  have  long  held  to  be  the  general  structure  and  succession 
of  strata  ^  of  the  Lower  Palasozoio  region  of  the  Southern  Uplands, 
as  deduced  from  the  facts  and  conclusions  essentially  dependent 
upon  the  zonal  method  of  stratigraphy.  Upon  this  view  the 
lequence,  lithology  and  palsBontology  of  the  several  recognizable 
zones  of  strata  in  the  Upland  region  become  mutuedly  intelligible, 
and  the  various  rock-formations  and  their  fossils  admit  of  satis- 
factory parallelism  with  those  of  the  corresponding  Proterozoic 
deposits  of  other  districts  both  in  Britain  and  abroad.  See  the 
accompanying  table  on  page  66. 

It  may  be  objected  by  some  of  those  geologists  who  are  familiar 
with  the  literature  of  discovery  and  speculation  among  these  South 
Soottish  rocks,  that  these  views  are  opposed  to  those  advocated  by 
previous  observers.'  But  I  believe  that  this  opposition  is  more  in 
appearance  than  reality.  The  physical  facts  and  phenomena  upon 
wiiich  the  earlier  views  of  the  succession  were  based  remain 
unquestioned.  They  are  here,  however,  supplemented  by  the 
conclusions  drawn  from  the  abundant  stratigraphical  and  palseon- 
tologioal  discoveries  of  the  last  fifteen  years,  and  have  received  the 
only  interpretation  which  seems  to  me  to  be  possible  in  the  present 
state  of  our  knowledge.  We  have  to  recollect  that  all  the  earlier 
views  of  the  succession  were  based  almost  exclusively  upon  the 
very  natural  theory  that  the  Hawick-Dumfries  axis  is  a  true  anti- 
clinal form,  and  the  Sanquahar-Moorfoot  axis  is  a  true  synclinal, 
propositions  upon  which  no  one  familiar  with  our  actual  knowledge 
of  the  stratigraphical  phenomena  of  mountain  regions  would  at  the 
present  day  place  the  least  reliance ;  while  at  the  time  when  the 
very  latest  of  these  earlier  schemes  was  published,  the  paramount 
value  of  the  Graptolite  as  a  geological  index  was  unknown  and 
unsuspected.  The  lithological  "  groups  "  of  these  earlier  and  local 
classifications  fall  naturally  into  their  proper  places  in  the  present 
scheme,  and  find  their  simple  interpretation  as  successive  geogra- 
phical bands  in  the  same  great  Lower  Palsdozoic  succession  as  it 
slowly  changes  in  thickness  and  lithology  when  followed  from  the 
shore  line  into  deeper  water:  while,  under  this  arrangement, 
their  formerly  conflicting  Qraptolitic  faunas  show  the  same  sequence 
they  hold  over  the  rest  of  the  Lower  Palaeozoic  world.  The  present 
views  have  also  this  further  recommendation  that  they  depend  upon, 
and  necessitate,  the  harmony  of  all  the  ascertainable  phenomena — 
geographical  position,  thickness,  lithology,  local  sequence,  and  palse- 
onl^logy — and  adroit  of  being  tested  in  each  of  these  characters 
in  the  field  at  every  stage,  and  of  being  confirmed,  extended 
and  corrected  as  discovery  progresses. 

But  although  I  hold  that  all  the  known  facts  and  phenomena 
bearing  upon  the  sequence  of  the  rocks  of  the  Southern  Uplands 


Hurchison, ,  ^- , , ,   ^ , , 

Geol.  Soc.  Olaagow,  l'867,  p.  74  ;  Explan.  Sheet  3, 6eoL  Sarrej  Scotland,  1873,  pp. 
4-18 ;  ibid,  iheet  16,  p.  9,  etc. 
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can  only  be  harmonized  npon  the  lines  here  laid  down,  it  must  be 
frankly  admitted  that,  in  spite  of  all  that  has  been  already  aooom- 
plished,  our  knowledge  of  these  strata  is  still  in  its  infancy.  We 
have  so  recently  become  aware  of  the  proper  methods  of  attacking 
the  many  geological  problems  they  present  for  solution,  that  the 
most  interesting  and  complicated  part  of  the  work  yet  remains  to 
be  done;  and  those  geological  students  who  have  made  themselves 
f&miliar  with  the  new  developments  of  our  knowledge  of  the  older 
rock -formations  will  find  this  South  Scottish  region  a  fruitful  field 
for  original  research.  My  own  intermittent  labours  for  the  last 
twenty  years  in  this  great  plateau  (which  covers  an  area  of  at  least 
5000  square  miles)  have  been  only  sufficient  to  permit  of  my  working 
out  in  detail  the  sequence  in  the  two  contracted  areas  of  Mo£fat 
and  Girvan,  and  of  studying  in  much  less  minuteness  a  sufficiency 
of  the  test  districts  elsewhere  to  enable  me  to  feel  assured  of  the 
general  truth  of  the  views  here  developed.  It  remains  for  others, 
and  especially  for  local  geologists,  to  verify  and  to  apply  these 
views  to  the  detailed  mapping  of  the  Uplands  generally. 

In  the  palsBontological  part  of  this  work  the  OraptoUtea  must,  of 
necessity,  play  the  chief  rdle,  for  they  are  almost  the  only  fossils 
met  with  in  the  strata  of  this  wide  region.  But  the  minor  strati- 
graphical  conclusions  to  which  those  fossils  point  ought  not  to  be 
overstrained,  but  should  be  tested  and  re-tested  upon  every  available 
opportunity.  We  cannot  expect  to  recognize  from  end  to  end  of 
the  Uplands  all  the  minuter  '*  zones  "  of  Moffat,  Girvan,  Skellgill  or 
Scania ;  but  we  ought  certainly  to  be  able  to  identify  by  their  means 
all  the  major  stratigraphic  subdivisions.  Nothing  more  can  be 
claimed  for  the  Graptolites  than  that  which  is  claimed  by  all 
geologists  for  the  corresponding  species  of  Trilobites  or  Ammonites. 
Each  formation  has  its  characteristic  Graptolitic  species  and  varieties, 
and  each  species  has  a  certain  fairly  known  vertical  range  in  the 
detailed  sequence  of  the  Lower  Paladozoic  rocks  ;*  while  the  invari- 
able association  of  special  forms  in  beds  of  corresponding  systematic 
position  affords  a  presumptive  palsBontological  index  of  the  true  sys- 
tematic place  of  strata  marked  by  the  same  forms  elsewhere. 
With  this  we  must  rest  content ;  but  even  here  I  hold  we  have 
sufficient  palceontological  criteria,  when  checked  and  aided  by  all 
the  available  local  stratigraphioal  evidences,  to  enable  us  to  map  out, 
in  time,  the  Lower  Palseozoic  rocks  of  the  Uplands  in  all  their 
main  geological  subdivisions. 

The  known  restriction  of  the  entire  family  of  the  Monograptida 
to  Silurian  strata,  and  its  absence  from  Ordovician  rocks,  affords  us 
the  means  of  determining  the  outcrop  of  the  Upland  boundary-line 
between  the  Ordovician  and  Silurian  deposits ;  and  the  laying  down 
of  this  line  will  give  us  the  first  useful  geological  map  of  the  region. 
Next  must  follow  the  tracing  of  the  less  important  divisional  lines 
at  the  bases  of  the  Glenkiln  (Upper  Llandeilo)  and  Hartfell  (Caradoc) 
Groups  in  the  Ordovician,  and  those  at  the  summits  of  the  Birkhill 
(Llandovery)  and  Gala  (Tarannon)  Series  of  the  Silurian.  Not 
^  Lapworth,  Geol.  Dist.  Bhabdophora,  Tullberg,  Sk&aes  GraptoUther,  etc. 
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until  this  work  has  been  aocomplished,  and  the  Scottish  Arenig, 
Wenlock  and  Ladlow  strata  studied  in  equal  detail,  can  we  claim 
that  our  knowledge  of  the  geological  structure  of  the  Scottish  Uplands 
is  even  fairly  complete. 

But,  if  the  ideas  expressed  in  this  paper  are  well  founded,  the 
main  results  of  future  inveRtigations,  in  so  far  as  thej  a£Eect  the 
general  mapping  of  the  Upland  area  proper,  can  even  now  he 
sketched  in  outline.  The  Axial  or  ArdweU  Group  of  the  earlier 
investigators  will  disappear  as  a  separate  series,  and  will  take  its 
place  as  the  southerly  extension  of  the  Gala  or  Qneensbeny  Group 
to  the  north.  The  Dalveen  (and  Haggis  Bock)  (LugaU  Series)  ;  the 
Lowther  Orottp  {Heriot),  and  the  Leadhilh  Black  Shale  and  Oaradoe 
and  Carephaim  Qroup  (Moorfoot  Series)  w\\\  all  be  found  to  he 
regional  geological  complexes  of  a  thickness  far  inferior  to  that  with 
which  they  have  hitherto  been  credited;  but,  nevertheless,  each 
possessing  a  high  local  value,  as  significant  of  the  local  peculiarities 
and  intermediate  lithological  condition  of  the  Moffat  Terrane  in  the 
central  districts.  These  three  "  central "  groups,  when  worked  out 
in  detail  and  restricted  to  their  natural  components,  will  be  found  to 
follow  each  other  in  the  order  given  above : — the  Dalveen-Lugate 
Group  answering  to  the  Birkhill  Shales,  the  Lowther-Heriot 
Group  to  the  Hartfell  (Upper,  etc.),  while  the  strata  of  the  Lead- 
hills- Moorfoot  Group  must  be  re-arranged,  and  will  fall,  part  into 
the  Lower  Hartfell  (Caradoc),  and  part  into  the  GlenkUn  (Upper 
Llandeilo)  formations. 

The  general  geological  map  of  the  Uplands  will  show  that  the 
rocky  floor  of  that  region  is  composed  of  strata  ranging  almost  from 
the  base  of  the  Ordovician  up  to  the  summit  of  the  Silurian.  The 
outcrop  of  the  main  boundary-line  between  the  strata  of  the  two 
systems  (which  is  on  or  about  the  horizon  of  the  so-called  Haggis 
Bock)  will  be  found  to  pass  obliquely  across  the  region  from  the  north- 
east margin  of  the  Uplands  near  Dunbar,  over  the  crest  of  the  Lam- 
mermuirs,  to  the  south  of  the  Moorfoots,  and  north  of  the  town  of 
Peebles,  over  the  valley  of  the  Tweed  near  Neidpath  and  the  Crook, 
into  the  valley  of  the  Clyde  near  Elvanfoot ;  and  thrown  next  to  the 
southward  by  the  anticlinal  of  the  upper  reaches  of  the  Shinnel, 
will  be  found  to  cross  the  southern  part  of  the  granitic  range  of  the 
Kells  towards  the  sea-coast  south  of  Portpatrick.  To  the  north  and 
north-east  of  this  guiding  line  the  mass  of  the  strata  will  be  proved 
to  be  Ordovician;  such  Silurian  rocks  as  occur  forming  outliers 
parallel  with  the  great  boundary  fault  To  the  south-east  of  the 
divisional  line  the  mass  of  the  strata  must  be  classed  as  SUwrian; 
the  Ordovician  rocks  only  occurring  locally  as  long  lenticular  inliers, 
gradually  diminishing  in  systematic  importance  as  they  are  followed 
across  the  country  from  north  to  south,  and  from  west  to  east 

Of  the  Upland  '<  formations,"  the  Arenig  appears  to  have  the 
smallest  superficial  extent,  its  outcrops  being  as  yet  confined  to  the 
Ballantrae  region  (unless  indeed  some  of  the  so-called  Old  Bed  Sand- 
stone near  the  boundary-line  is  of  this  age) :  the  true  Caradoe  will 
be  mapped  as  narrow  boat-like  sheets  along  the  greater  anticlinal 
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forms  —  sarroundiug  inoluded  and  narrower  bands  of  Llandeilo 
rocks,  and  enveloped  in  turn  by  still  broader  sheets  of  Llandovery 
strata,  eta  The  great  Qala  {Tarannon)  terrane  must  be  coloured 
as  the  prevailing  visible  rock-mass  of  the  Uplands,  sweeping  along 
the  central  and  southern  parts  of  the  plateau  in  a  broad  sheet  (from 
20  to  25  miles  in  width)  from  the  North  Channel  to  the  German 
Ocean,  only  interrupted  locally  by  long  and  narrow  lenticles  of  pre- 
Gala  rock,  which  decrease  both  in  number  and  importance  as  we 
pass  from  south-west  to  north-east.  Finally  fringing  the  Gala 
Terrane  along  the  south-east  flanks  of  the  Uplands  from  Burrow 
Head  to  the  Cheviots  will  follow  in  natural  superposition  the  slowly 
widening  band  of  the  Wenlock  Ludlow  (Kiccarton)  beds,  the  bounda- 
ries of  which  have  been  already  sketched  out  by  the  officers  of  the 
Geological  Survey. 

In  the  accompanying  Plate  (Plate  III.)  I  have  given  some  sketch- 
sections  across  the  Upland  region  illustrative  of  my  views  of  the 
general  disposition  and  inter-relationships  of  its  strata ;  and  in  the 
following  "  Table  of  Correlation "  will  be  found  incorporated  some 
of  the  more  important  palssontological  data  which  bear  upon  the 
question  of  the  Upland  Sequence.     (See  Folding  Table  11.) 


IV. — On  Looal  Thickening  of  Dykvs  and  Beds  by  Folding. 

By  Alfbsd  Habkbh,  M.A.,  F.6.S., 

Fellow  of  St.  John's  College,  Cambridge. 

IN  bis  "Geology  of  North  Wales"  (p.  102,  2nd  ed.),  Sir  A. 
Bamsay  figures  a  vertical  cross-section  of  a  greenstone  dyke, 
which  he  describes  as  running  along  the  cleavsge- planes  of  the  slate 
in  the  Ffestiniog  quarries,  and  alternately  ''  bulging  and  thinning 
off  in  a  rapid  succession  of  oval-shaped  masses  of  3  or  4  feet  in 
length."  He  seems  to  imply  that  this  is  one  of  the  dykes  posterior 
to  the  disturbance  which  produced  the  cleavage  of  the  district  The 
ordinary  post-Carboniferous  dykes  of  North  Wales,  however,  strike 
nearly  at  right  angles  to  the  cleavage ;  and  further  it  is  not  easy  to 
imagine  any  circumstances  attending  the  intrusion  of  this  one  that 
would  account  for  the  phenomenon  of  alternate  thickening  and 
attenuation  described.  A  precisely  similar  peculiarity  is  to  be  seen 
in  *  Dew's  quarry'  at  Pen-y-bryn,  Nan  tile.  The  same  thing  is 
figured  by  Lehmann  ('  Altkrystallinischen  Schiefergesteine,'  pL  xiiL 
fig.  4)  from  granite-veins  in  the  Saxon  granulites. 

At  several  places  in  the  Cambrian  massif  of  fiocroi,  notably  north 
of  Maims  near  Montherme,  beds  of  grit  intercalated  among  the 
slates  are  seen  to  swell  and  contract  in  the  same  manner.  Their 
thickness  at  the  ventral  s^ments  is  usually  at  least  double  of  that 
at  the  nodes.  The  distance  between  the  nodes  seems  to  depend  on 
the  thickness  of  the  bed.  Gosselet  has  recently  given  a  photograph 
of  this  '  almond-like '  arrangement  of  the  '  quartzites '  in  his  great 
memoir  on  the  Geology  of  the  Ardenne.  T;  these  cases,  at  least, 
since  we  have  to  deal  with  sedimentary  s^)    a,  it  is  clear  that  the 
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phenomeDDD  must  be  referred  to  some  peouliarity  in  the  diHtuibtmceB 
to  wfajoh  the  rocks  have  been  eubjecled. 

To  explain  it,  we  must  go  to  North  Devon,  »  district,  like  North 
Wnlei  and  the  Ardenne,  deeply  affected  by  ^reat  )at«nd  premures 
operating  on  the  solid  rocks.  At  various  points  of  the  coast  east  of 
Ilfracombe  we  find  among  the  slates  b«ds  of  limestone  exhibiting  a 
Buooession  of  sweilingg  and  constrictions  snalogona  to  those  already 
described ;  and  we  see  that  this  dispnsition  is  due  to  the  weldioe 
together  of  the  adjacent  limbs  of  sigmoid  folds  under  a  powerful 
thrust.  The  stiiges  of  the  process  are  clearly  exhibited.  Atter  the 
formation  of  a  series  of  S'f«haped  flexures  in  the  ordinary  manner 
(Fig.  1),  the  direction  of  the  pressure  relatively  to  the  bed  ha* 


changed,  and  the  folds  have  been  pressed  upon  themselves  in  dw 
fashion  indicated  in  Figs.  2  and  'A.  A  node  corresponds  to  the 
attenuated  middle  limb  of  a  fold,  while  a  ventral  segment  represents 
the  union  of  the  complementary  parts  of  two  adjacent  folds. 

It  appears  probable  that  the  process  indicated  is  also  that  by 
which  the  varying  thickness  of  the  greenstone  dykes  and  the 
qaartzite  beds  has  been  brought  about.  It  is  also  seen  in  varioni 
stages  in  thin  bands  of  grit  in  the  llfi-aconibe  district.  It  is  not 
necessary,  however,  to  suppose  that  the  sharp  sigmoid  folds  must  he 
aotualty  formed  as  a  preliminary  stage.  A  series  of  slight  undula- 
tions, as  in  Fig.  4,  affected  by  a  shearing  motion  in  the  direction 
shown  by  the  arrows,  might  equally  give  rise  to  the  alternate  nodes 
and  swellings  of  Fig.  3. 

y. — On  thb  OcctmnKHOE  of  Soda-Felbitis  (Kebatofbtbis)  nt 

Co.  WioKLOw,  Ireland. 

Bf  FuDiRicK  H.  Ha'Tch,  Ph.D.,  F.G.S. 

(Communicated  byp«nnisuon  af  the  Direclur-OenerBl  of  the  Geological  Bnrrej.) 

IN  an  Appendix  to  the  Explanatory  Memoir  on  Sheets  138  and 
139  of  the  Map  nf  the  Geological  Survey  of  Ireland  (Dublin, 
1888),  I  have  given  some  notes  on  the  petrographical  oharacteta  of 
the  igneous  rocks  of  Co,  Wicklow.  One  or  two  of  the  facta  elicited 
by  an  examination  of  these  rocks  are  sufGciently  interesting  lo 
deserve  a  wider  circulation. 

Associated  with  various  types  of  greenstone,  which  will  form  ths 
subject  of  another  communication,  there  occur  in  the  Lower  PnlmoEoic 
strata  of  this  district  (Bala)  numerous  beds  of  felsite.    These  an 
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QentI J  acoompanied  by  felspatliio  tnffs :  and  there  is  no  doubt 

they  are  the  prodact  of  oontemporaneous  extrasion  daring  the 
»sition  of  the  sedimentary  rooks  in  which  they  oocar. 
icroscopioal  examination  and  chemioal  analysis  show  that  these 
8  conaiBt,  in  part  at  least,  of  soda-felsites  or  keratophyres.     The 
tophyres  (so  named  from  their  resemblaooe  to  horn  stone  ^)  were 

described  by  Qiimbel ; '  but  it  is  to  E.  A.  Lossen '  that  we  are 
ily  indebted  for  the  investigation  of  the  characters  of  these 
liar  rocks  and  the  vindication  of  their  claim  to  consideration 

definite  rock-type.    They  are  characterized  by  a  remarkably 

percentage  of  felspar,  especially  of  soda-felspar,  which  in 
)  cases  appears  to  be  soda-orthoclase  or  soda-microoline,  in 
rs,  albite.  In  consequence,  splinters  of  the  rocks  fuse  more 
ily  before  the  blow-pipe  than  the  normal  quartz-orthoclase- 
tes. 

Drmally  constituted  felsite,  that  is  to  say,  rooks  composed  of  a 
tocrystalline  aggregate  of  quartz  and  felspar  (in  great  part 
sclase),  with  or  without  porphyritio  quartz,  also  occur  in  the 
klow  District;*  but  there  is  little  doubt  that  the  two  types 
luate  into  one  another. 
)me  specimens,  collected  from  a  rocky  eminence  a  quarter  of  a 

west  of  Brittas  Bridge,  seven  and  a  half  miles  west  of  Rath- 
d  (Sheet  130),  will  serve  to  illustrate  the  characters  of  the 
tophyres  of  this  district.     The  rock  cropping  out  at  this  place 

compact  felsite,  having,  when  weathered,  a  curious  mottled 
taranoe,  due  to  the  presence  of  numerous  greyish-brown  spots 
bout  a  quarter  of  an  inch  diameter.  These  spots  are  crowded 
dy  together,  being  only  separated  by  a  small  quantity  of  a  dark 

interstitial  substance.  Where  still  more  exposed  to  the  action 
he  weather,  the  rock  is  coated  with  an  opaque  white  crust. 
)n  fresh  it  is  of  a  dark  bluish  gray  to  black  colour  and  splinters 
ily  under  the  hammer. 

uder  the  microscope  it  is  seen  to  be  composed  almost  entirely  of 
>ar  and  quartz,  the  former  being  in  excess.  The  few  porpbyritic 
tals  are  invariably  felspar,  the  quartz  being  confined  entirely  to 
ground-mass.  The  texture  of  the  latter  is  extremely  variable, 
general  it  is  microorystalline,  consisting  then  of  square  and 
shaped  sections  of  felspar,  between  which  are  entangled 
;ular  grains  of  quartz;  in  places,  however,  the  texture  sinks 
et  to  cryptoorystcdline,  the  individual  granules  becoming  so 
1  as  to  be  scarcely  distinguishable ;  but  even  then,  by  the  use  of 
^her  power,  the  microorystalline  structure  can  generally  be 
)  out,  and  there  is  no  evidence  of  the  presence  of  any  "  micro- 
ic  "  (isotropic)  matter, 
ittered    sparingly  through  the  sections  are  scales  of  chlorite, 

r.  K^pas.  a  horn. 

ie  palaolithischen  Eruptivgesteine  dee  Fic1itelgebir?e8.  Munich,  1874,  p.  45. 
itsch.  deutsch.  Qeol.  Gee.  xxxIt.  (1882),  pp.  199  and  445 ;  xxxv.  (1883),  p.  215 ; 
k.  preujss.  Oeol.  Landesanst.  fiir  1884  (1885),  p.  21. 

e  ^plan.  Mem.  on  Sheets  138  and  139  of  the  Map  of  the  Geol.  Surrey  of 
i  1888,  p.  00. 
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and  isolated  granules  of  sphene ;  oooasionallj  alao  a  few  tiny  speokt 
of  iron-ore. 

The  porphyritio  structure  is  not  well  defined,  there  being  but 
little  differenoe  in  point  of  size  between  the  "  porphyritio "  felspar 
and  the  crystals  of  that  mineral  in  the  more  evenly  ciystalUne 
portions  of  the  ground-mass.  It  is  only  the  occurrence  of  an 
isolated  large  crystal  in  a  cryptocrystalline  part  that  gives  the 
porphyritio  appearanoe.  These  large  felspars  form  broad  rect- 
angular crystals,  which  are  sometimes  slightly  rounded.  In  some 
oases  they  present  a  fine  twin-lineation  either  on  one  (the  albite)  or 
two  (albite  and  peridine)  types.  In  other  cases  the  crystals  show 
no  ti-ace  of  twinning.  Such  crystals,  however,  are  characterized  by 
another  and  somewhat  remarkable  structure.  They  appear,  namely, 
between  crossed  Nicols  to  be  divided  up  into  a  number  of  rect- 
angular patches  by  narrow  partitions,  which  have  an  extinction- 
angle  differing  slightly  from  that  of  the  main  portion.  In  other 
cases  the  central  portion  extinguishes  uniformly,  while  a  marginal 
layer  goes  out  at  a  slightly  different  angle.  The  latter  case  can 
sometimes  be  made  out  without  the  use  of  the  Nicols ;  the  rim  of 
the  felspar-section  being  clear,  while  the  central  portion  is  speckled 
over  with  minute  opaque  particles,  giving  it  a  somewhat  cloudy 
appearance.  E[ave  these  phenomena,  more  especially  the  first- 
mentioned,  anything  in  common  with  the  "felderweise  mikroper- 
thitische "  structure  mentioned  by  Lessen  and  Rosenbusch  as 
characteristic  for  the  felspar  of  the  keratophyres  ?  The  smaller 
felspars  of  the  ground-mass  are  mostly  striated. 

A  chemical  analysis  of  this  rock  gave  me  the  following  result : — 

0*^/9  •••  •••  •••  •••  •••  •••  *••  •••  ^^  f    fl      mtW 
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From  this  analysis  the  mineral  composition  of  the  rock  was 
calculated  to  be  the  following : — 

froo  (juartz ^     32*49 

Orthoclase    »  '95  \ 

Albite iB       64*33  ) 


f  vIoIHLa  •••    •••    •••    •■•    •••    •••    •••    •••         vfl  AO 
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100-00 
This  analysis  shows  that  the  rock  consists  almost  entirely  of 
quartz  and  a  soda-felspar  (albite). 

During  two  visits  to  Counties  Wioklow  and  Waterford  in  June 
and  November  of  last  year  I  collected,  among  other  rocks,  a  1ai^ 
series  of  felsites.     It  is  exceedingly  probable  that  a  petrographidd 
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exAmiiiaiion  of  these  gpecimens  will  demonstrate  the  wide  distri- 
bution of  Boda-feisites  in  these  districts.  Felsites  bearing  a  strong 
reBemblanoe  in  age,  association  and  mode  of  occurrence,  to  the 
Irish  rocks  ooour  in  Wales.  We  may  confidently  expect  to  find 
keratophyres  among  them ;  indeed.  Prof.  Rosenbusch  has  already 
predicted  their  occurrence  among  the  Welsh  rocks.^  They  appear 
also  to  ooour  in  Arran.  An  analysis  of  a  felsite  from  this  island  by 
Mr.  J.  A.  Phillips  is  almost  identical  as  regards  the  alkalies  with  the 
one  g^ven  above.' 

It  is  interesting  to  correlate  with  the  facts  given  above  Prof. 
Haughton's  researches  on  the  Wicklow  granites.'  As  far  back  as 
1859  he  showed  that  in  many  of  these  granites  there  is  a  dominant 
Boda-felspar ;  and  for  these  he  introduced  the  name  ''  soda-granite." 
An  interesting  relation  has  thus  been  established  between  the 
granites  and  felsites  of  Co.  Wicklow.  What  bearing  this  has  upon 
their  mode  of  origin  remains  still  to  be  seen. 

YL — An  Analysis  of  thk  Ekntish  Rag. 

By  P.  Gb&ald  Sanford,  F.I.C,  F.C.S., 

Metallurgical  Laboratory,  Royal  School  of  Mines,  London. 

TN  May  last  I  visited  the  Preston  Hill  Quarry,  near  Maidstone, 
in  the  company  of  the  "  Geological  Field  Class,"  conducted  by 
Professor  Seeley,  F.B.S.,  and  took  from  it  the  specimen,  the  analysis 
of  which  is  given  below.  In  appearance  the  rock  was  a  hard,  grey, 
sandstone,  containing  fine  quartz  grains  disseminated  throughout  its 
mass ;  its  sp.  gr.  =  2*685 ;  on  the  addition  of  an  acid  sulphuretted 
hydrogen  was  evolTcd,  from  the  decomposition  of  calcium  sulphide. 
The  sample  contained : — 

Insoluble  Reddue    72-190  percent  =  |p^^*^  -|.  Al8d"=  ^0-?37  °'° 

Alumina    1*331 


it 


1=2-068 


Ferric  Oxide     0-682      ..       /-'"*'""  72188 

Phosphoric  acid,  P2O5.    ...  0*055 

Lime,  CaO 12*523 

Magneeia,  MgO 0-054 

Alkalies  as  K3O 0*122 

Carbonic  acid    9*984 

Sulphuric  acid,  SO3.        ...      0*647      ,,    as  insoluble  Ga  SO4,  no  soluble  sul- 
Calciam  sulphide,  CaS.    ...      1*334      „  [phates. 

Moisture,  at  lOO^C 0*995      „ 

99*917 


1  Die  Kaasigen  Gesteine,  Stuttgart,  1887,  p.  418. 

'  T^  Maoazdcb,  Vol  IX  1872,  p.  540.     I  give  the  analysis  for  comparison : — 

OIO3             •••        ...  ...        ...        ••■        •••        •••        •••  ^^  •        Vtt 

JmX%KJ^          ...           »aa  s.a           ••«           ...           ••.           ••»           .•»  ~"  *■  ^     *'  *' 

S V\J          ...       ••.  ...       ••(         ..       •••       ...       ••.  ""*  A   vj I 

wB  >-»                .•.           .».  ...           a*.           .*.           ...           ...           •••  ^^  A  ** 

MgO  (a  trace)  — 

Kn  E=  '^n 

jVf              ...          .a.  ...          ...          *..          ...          ••■          ••.  ~"  *myM 

S^9in\J          .••         ...  ...         ...         ...         •••         ••»         ••.  ~~  I     OA 

XlSv/            ..•         ...  •..         ...         ...         ••*         ••.         ••*  ^     •! 
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*  Tran8.'Boy.  Irish  Acad,  rol  udr.  (1869),  p.  608. 
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VIL — On  a  BufABKABLX   SODALITE    TbAOHYTE    LATXLT   DI800YEBID 

IN  Naples,  Italy. 
By  H.  J.  Johnston-Layis,  M.D.,  B.-^-Sc.,  F.G.S.,  etc 

IN  the  last  two  British  Association  Reports  of  the  Yesuvian 
Committee,  I  drew  attention  to  some  very  large  masses  of 
trachyte  traversed,  at  the  back  of  Naples,  by  the  tunnel  of  the 
Gumana  Railway.  A  full  account  of  the  stratigraphy  of  these  will 
be  deferred  until  some  further  excavations,  now  in  progress,  are 
completed.  I  propose  at  present  merely  to  describe  the  earliest- 
discovered  and  most  striking  of  these  masses. 

This  trachyte  is  cut  through  on  the  E.N.E.  side,  at  1890  metres 
from  the  terminus  end  of  the  tunnel  at  Monte  Santo,  in  a  slightly 
oblique  manner,  which  traverses  it  for  1980  metres  on  the  southern 
side,  and  2000  on  the  northern.  Thus,  it  will  be  seen  that  the 
tunnel  forms  the  chord  of  an  arc,  the  circumference  or  boundary-line 
of  the  trachyte  being  directed  southerly,  or  towards  the  present  sea- 
coast.  Both  contacts  are  old  escarpments,  and  at  the  W.S.W.  end 
a  talus  is  cut  through  of  fragments  of  the  trachyte  and  other 
materials,  on  which  is  superposed  a  series  of  pumice,  ash,  lapilli 
and  vegetable  soil-beds,  representing  many  successive  eruptions; 
the  latter  are  also  met  with  at  the  opposite  escarpment,  placed 
at  a  high  angle  of  rest.  We  thus  see  that  this  mass  was  no 
doubt  erupted  as  a  subaerial  lava-stream,  probably  cut  back  by  the 
sea,  or  other  denuding  agents,  to  a  vertical  cliff,  and  subsequently 
covered  by  the  different  tuffs  that  constitute  the  hills  above. 

Tlie  rock  is  divided  into  rather  large  blocks  by  irregular  cooling 
cracks,  very  similar  to  the  Mont  Olibano  trachyte,  which  it  most 
resembles  in  general  chai-acters.  It  is  of  light  grey  colour,  with  a 
somewhat  bluish  tint  and  earthy  fracture,  is  harsh  to  the  touch, 
adheres  slightly  to  the  tongue,  and  a  drop  of  water  falling  on  its 
surface  is  immediately  absorbed.  These  latter  characters  are  probably 
dependent  upon  actual  spaces  between  the  crystals  and  microlitbf*, 
whilst  the  colour  can  be  seen  to  be  due  to  the  admixture  of  glassy 
felspar  with  numerous  minute  dark  particles.  The  sanidine  crystals 
are  mostly  very  thin,  tabular  in  form,  and  show  sections  up  to 
nearly  two  centimetres  in  length,  in  which  Carlsbad  twinning  can 
be  seen.  A  few  rare  but  large  individuals  are  compacter  in  shape, 
and  prism-like,  resembling  those  of  the  Drachenfels  trachyte. 
Microscopically  they  are  much  fractured  and  fissured,  very  clear, 
with  a  few  glass  cavities,  whilst  in  each  fractured  fragment  much 
internal  strain  is  evidenced  by  the  ring  of  colours  just  within  its 
outline.  The  sanidine  is  decidedly  the  most  important  constituent 
of  the  rock,  and  next  to  it  we  have  the  amphibole,  which  exists  in 
two  or  three  varieties.  One  is  usually  in  larger  crystals,  attaining 
a  maximum  measurement  of  two  or  three  millimetres  or  more,  and 
oommonly  occurring  as  irregular  crystalline  grains,  with  sharp  edges, 
as  if  fractured  shortly  before  consolidation  in  consequence  of  the 
internal  finction  of  the  semi- solidified  pasty  mass.  Some  sections 
exhibited  typical  cleavage.    The  colour  of  this  variety  is  yellowish 
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greenish  brown,  and  comparatively  slightly  pleochroia  The 
laller  crystals  are  also  very  irregular  in  shape,  and  range  down  in 
e  to  large  microliths.     Even  when  a  comparatively  well-formed 

I  is  examined,  no  extinction  can  be  obtained,  the  whole  under- 
ing  aggregate  polarization,  as  if  some  molecular  change  had  taken 
u)e,  or  as  if  each  individual  were  constructed  of  an  association  of 
Dixte  grains.  By  changes  that  have  occurred  in  much  larger 
ratals  of  extraneous  enclosed  masses,  it  would  appear  that  these 
orolitbs  and  crystals  really  consist  of  a  mixture  of  pyroxene  and 
iphibole.     Another  fact  is  that  the  greatest  darkening  is  obtained 

two  points  in  rotating  through  90^  between  crossed  Nicols 
rresponding  with  the  extinction  of  these  two  mineral  species. 
le  other  variety  of  amphibole  is  certainly  more  recent  in  formation, 
t  seems  to  have  undergone  the  same  molecular  change,  for  it  is 
DOst  impossible  to  get  any  definite  extinction.     The  crystals  are 

II  formed,  and  associated  with  cavities,  and  no  doubt  are  the  same 
those  that  project  as  long  rods  from  the  sides  of  the  vesicles  of  this 
3k.  In  colour,  they  are  very  dark  bluish-green,  faintly  pleochroic, 
t  their  opacity  prevents  a  just  estimation  of  such.  ' 
The  ground-mass  consists  principally  of  sanidine  microliths  of 
ge  size  in  fact,  so  large  that  in  many  cases  Carlsbad  twinning  can 

made  out.  Interspersed  amongst  these  felspar  microliths,  and 
3se  of  amphibole  already  mentioned,  are  numerous  grains  of 
ignetite,  which  apparently  have  crystallized  mostly  as  octahedra, 
eir  form  being  partly  obliterated  by  a  rusty  iron  stain  surrounding 
8in.  Karely,  highly  refracting  colourless  grains  occur  of  unoer- 
u  character,  and  within  some  felspars  long  four- sided  ortho- 
ombic?  prisms  with  domes,  of  a  fibrous-looking  mineral,  occur, 
iich  in  some  sections  looks  much  like  a  triclinic  felspar  in  struc- 
re.  Some  attempts  were  made  to  isolate  one  of  these,  but  unsuc- 
ssfully,  and,  on  account  of  their  rarity,  none  other  suitable  examples 
iild  be  met  with. 

Some  parts  of  this  mass  of  trachyte  are  vesicular,  though  the 
vities  are  not  very  close  together.   Thei'e  are  also  a  certain  number 

fissures  formed  before  the  rock  had  quite  consolidated.  These 
sides  and  fissure-spaces  are  lined  by  a  number  of  minerals  which 
Dstitute  the  beauty  and  striking  characteristic  of  this  trachyte, 
'ejecting  from  the  walls  of  these  spaces,  long  pseudo-hexagonal 
isms,  sometimes  solid,  at  others  tubular,  occur ;  in  the  former  case 
9y  are  usually  colourless,  and  as  limpid  as  cut  glass.  In  size  they 
ige  np  to  and  beyond  one  centimetre  long,  and  from  one  to  four 
llimetres  broad.  They  may  be  traced  by  gradations  to  fine  well- 
rmed  dodecahedra  of  sodalite,  which  are  somewhat  white  or  milky 

colour.  Associated  with  these  sodalites  are  numerous  rods  of 
ick  amphibole,  thin  and  long,  usually  about  a  millimetre  broad 
rl  from  a  half  to  one  centimetre  and  a  half  in  length.  Much  rarer 
d  irregular  hoi  low- faced  crystals  of  a  black  colour,  with  usually  a 
igh  submetallic  lustre,  which  is  commonly  steel-black,  but  may 
of  dark  bronze  colour ;  most  of  these  crystals  are  imperfect,  and 
^nently  arranged  in  chains.    As  far  as  I  could  make  out,  iUa^ 
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have  maoh  the  form  of  a  pyroxene  with  the  faces  110,  100,  112  and 
111  well  developed.  A  few  were  sliced,  and  show  under  the 
microscope  a  yellowish -green  mineral,  changed  on  the  surface  and 
along  the  <cracks  to  a  dark  almost  opaque  brown  mass.  Unfortunately 
no  very  characteristic  cleavage  or  extinction  angles  could  be  obtained, 
A  grain  reduced  to  powder  and  fluxed  with  carbonate  of  soda  gave 
a  strong  manganese  reaction.  These  facts  would  seem  to  indicate 
that  we  have  pyroxene  crystals  which  are  undergoing  decomposition, 
either  from  the  separation  of  an  oxide  or  hydrated  oxide  of 
manganese,  or  the  introduction  of  this  from  without  The  former  I 
take  to  be  the  correct  explanation,  since  the  brown  stains  only  occur 
on  these  crystals  and  in  their  immediate  neighbourhood,  and  also  the 
am  phi  bole  rods  are  unaltered  except  where  in  contact  with  these 
pyroxene  crystals. 

In  some  of  the  vesicles  are  bunches  of  hair-like  crystals  of 
chocolate  colour,  which  at  first  sight  look  like  bi-eislakite.  Examined 
under  the  microscope  they  are  seen  as  absolutely  opaque  rods,  even 
to  the  smallest  dimensions.  Although  easily  visible  as  large  sprays, 
the  actual  amount  of  matenal  is  very  small,  so  that  I  was  unable 
to  obtain  more  than  two  or  three  milligrammes.  Part  of  this  was 
treated  by  the  four  acids,  but  proved  very  slightly  soluble  in 
HCl  and  HF. 

The  HCl  solution  gave  a  blue  precipitate  with  E,CyFe^ 
Another  portion  was  fluxed  with  alkaline  carbonates  and  proved 
very  refractory,  lixiviated  with  subsequent  addition  of  HCl 
evaporated  to  diyness,  then,  dilute  HCl  added  and  filtered.  The 
filtrate  gave  strong  iron  reactions,  whilst  the  filter  was  burnt,  and 
the  ashes  treated  with  HF  and  H1G04  evaporated  and  fluxed  with 
PotBisulphate  and  a  HCl  solution  made  which  gave  faintly  the 
reaction  for  titanium.  With  salt  of  phosphorus  in  reducing  flame 
it  gave  a  blood-red  bead.  From  these  reactions  we  may  conclude 
that  we  have  to  deal  with  a  compound  containing  principally 
titanium  and  iron,  and  the  question  remains  open  whether  we  have 
to  deal  with  a  fibrous  hematite  containing  titanium  (Scacchi  has 
proved  the  fibrous  mineral  in  the  pipemo  to  be  an  iron-oxide),  or 
a  fibrous  rutile  very  rich  in  iron,  or  lastly  perhaps  a  breislakite 
containing  titanium. 

Most  of  the  cavities  are  completely  lined  by  a  carpet  of  minute 
sanidine  crystals ;  but  superposed  on  these,  in  a  few,  are  small 
elongated  hexagonal-looking  prisms  which  rarely  attain  to  more 
than  half  a  millimetre  in  length  and  about  a  sixth  in  breadth.^ 
Under  the  microscope  they  are  larger  in  the  centre,  so  as  to  appear 
fusiform,  whilst  the  surfaces  of  the  prism  are  striated  longitudinally, 
so  that  in  only  a  few  cases  can  they  be  made  out  to  be  hexagonaL 
The  prism  is  terminated  sometimes  by  basal  planes,  but  in  others  by 
a  low  pyramid. 

Various  attempts  were  made  to  measure  the  angle  between  the 
pyramid  and  prism,  and  most  often  with  a  resulting  angle  of  116^ 

'  Often  poiBed  delicately  on  the  amphibole  rods,  or  the  fibres  of  the  breislakite- 
like  mineral. 
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>me  oases  as  mach  as  125°  was  obtained.  Under  high 
large  number  of  minate  well-formed  cubes  about  0*02 
tre  observable  attached  all  over  the  surface  of  these 
1  crystals.  What  either  of  these  minerals  may  be  is  a 
matter  to  decide,  but  the  striking  resemblance  of  the 
1  one  and  its  analogous  mode  of  occurrence  would  easily 
to  refer  it  to  microsommite.  Lastly,  but  rarely  to  be  met 
minute  acicular  orange  yellow  crystals  that  look  at  first 
9  small  titanites  (semeline).  In  HCl?  however,  these  dis- 
h  much  effervescence,  and  the  solution  gives  an  abundant 
B  vrith  ammonic  oxalate,  and,  therefore,  may  be  referred  to 
idra  of  calcite. 
der  of  crystallization  in  the  cavities  seems  to  have  been  as 

dine ;  2,  Amphibole ;  3,  Pyroxene ;  4,  Rutile  ? ;  5,  Sodalite ; 
ommite  ?  ;  7,  Calcite. 

aly  enough  I  have  not  been  able  to  find  a  trace  of  mica, 
the  matrix  or  in  the  vesicles.  I  am  the  more  struck  with 
e  in  some  blocks  of  a  very  similar  rock  near  Pianura, 
in  the  cavities  with  the  amphibole  are  most  beautiful  large 
ates  of  biotite. 

inerals  are  no  doubt  sublimates,  or  more  properly  result 
reaction  of  different  vapours  under  specisil  conditions  of 
tre  and  pressure. 

:  analysis  of  this  rock  was  made  with  special  precautions 
npling  and  the  avoidance  of  regions  in  which  vesicles 
The  results  are  given  below : — 

Si    O2       ...  ...       67-909 

Ti    0,        ...  ...  0-654 

Ala  Oj        16-786 

Fej  O3        ...  ...  6-807 

Fe   0  ...  ...  0-010 

Mn  O         ...  ...  0-230 

Ca    0         ...  ...  2*986 

Mg  0  ...  ...  1-666 

Na,  O         ...  ...  6013 

K,    O         7-270 

P2    O5        0-007 

CI  0-606 

H,  0         0-336 

100-270 
Sp.  6r.       B       2-516 

alysis  gives  the  composition  of  a  trachyte  somewhat  similar 
Scarrupata.     The  uncommon  point  is  the  high  percentage 
acid. 

18  remarkable  is  the  very  fresh  appearance  of  this  rook, 
e  minerals  of  the  vesicles  seem  hardly  to  be  altered,  yet 
sates  in  the  base  are  in  a  state  of  molecular  instability,  so 
doubt  exists  as  to  whether  these  changes  are  pre-  or  post- 
The  great  interest  of  this  trachyte  will  be  its  relationship 
ler  masses  lately  met  with  in  its  neighbourhood. 
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YIIL— Note  on  Plburotoma  tuebida,  Solamdbr,  and  P.  colon,  Sow. 

By  the  Marquis  Aktonio  Db  Grboorio. 

MR.  EDWARDS  in  his  beautiful  work  (Eoa  Moll.  p.  311,  pi.  32, 
fig.  2)  described  a  species  of  Pleurotoma  under  the  title  of 
PL  iurhida,  Sol.  He  regards  PI.  colon,  Sow.,  as  a  synonym,  but 
not  PL  colon,  Sow.,  in  Deshayes.  In  this  I  think  he  was  mistaken. 
The  species  described  by  Deshayes  appears  to  me  different  from  the 
PL  colon.  Sow.,  and  identical  with  the  species  figured  by  Solander 
under  the  name  of  Murex  turbidua.  In  the  second  edition  of  bis  work 
Deshayes  says  that  he  "  noted  this  species  for  mischief,"  because  it 
is  not  found  at  Soisson,  but  he  retained  the  name  of  colon.  Sow. 

The  species  described  and  figured  by  Edwards  appears  to  me 
different  from  PL  turhida,  and  like  PL  colon.  These  last  two  species, 
are  thus  distinguished. 

Murex  iurbidus,  Brander  (Foss.  Hant  pi.  2,  fig.  31),  has  the  costse 
biseriated,  the  whorls  excavated  in  the  middle,  the  sinus  of  month 
situated  in  their  depression.  PL  colon,  Deshayes  (non  Sow.),  is  a 
synonym  of  the  same  species. 

Pleurotoma  colon,  Sow.  (Min.  Conch,  p.  106,  pi.  146,  figs.  7,  8),  has 
the  whorls  swollen  in  the  middle  and  nodulous,  the  sinus  is  placed 
on  the  periphery  of  the  whorl.  PL  turhida,  Edw.  (non  Sol.),  is  a 
synonym  of  it. 

These  two  species,  I  believe,  are  not  only  distinct,  but  belong  to 
different  subgenera.  PL  turhida,  Sol.,  belongs  to  the  subgenus 
Clavatula.     PI,  colon,  Sow.,  to  the  subgenus  Stromhina, 

PL  turhida,  Nyst.  (Coq.  et  Polypieres  des  Belgique,  p.  513,  pi.  40, 
fig.  8),  differs  from  both,  but  it  is  more  analogous  to  PL  turhida, 
Sol.,  than  to  PL  colon.  Sow. ;  but  it  has  the  anterior  canal  more 
oblong  and  the  ribs  not  interrupted  in  the  middle. 

To  conclude,  I  believe  that  there  are  three  distinct  species : 

Pleurotoma  turhida,  Brander  (=  colon,  Deshayes). 

Pleurotoma  colon,  Sowerby  (=  turhida,  Edwards). 

Pleurotoma  turhida,  Nyst. 

For  this  last  I  propose  the  name  of  Lethensis,  from  the  locality 
where  it  has  been  found. 

Palermo,  November,  1888. 
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I. — On  some  Fossils  of  the  Limestones  of  South  Devon.'   By  Rev. 

G.  F.  Whidborne,  M.A.,  F.G.S. 

FROM  the  three  localities  of  Woulborough,  Luraniaton  and  Chud- 
leigh  about  334  species  are  known,  of  which  104  are  common 
to  the  two  former  places,  and  five  occur  in  all  three ;  among  these 
are  Orthia  diatorta,  Barr ;  Pterinea  Wormii,  F.  A.  Ro.,  Pt.  ala,  Barr., 
A.  rudia,  Ph.,  A.  plicatellua  (=  P.  plicatua.  Ph.,  Pal.  Foss.),  A.  Cyhele, 
Barr.,  A.  conaolana,  Barr.,  P.  lateralia,  Sow.,  Hoplomytilua  craaaua, 
Sandb.,  Megalodon  ohliquua  {=:  M,  carinatua,  Ph.  not  Goldf.),  PL 

1  Communicated  to  the  British  Association,  Bath,  Sept.  1888,  Section  C.  Geology. 
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Yilmarenns^  d'A.  and  de  V.,  PL  pugnaiu  (=  PL  mtnax,  Ph.  Pal.  Fobs.), 
H,  interacapularia,  Ph.  (inchiding  jGT.  depresBus,  Aust).  H,  macroiatm, 
Aost  {=  H.  tubereulatua,  Ph.  not  MilL),  H,  omatua,  Goldf.,  PL 
fniillu8^  Wiet,  and  Zieler ;  H,  Viearii  {=z  H.  pentangulariBr  Ph.  not 
Mill),  PL  quintanguiuB  (=  PL  pentangulariSf  Aust.  not  Mill.),  and 
Bh,  erenatu8,  Gk)ldf.'? ;  Beceptaeulites,  sp.  and  Serpvla  ?  aemtpltcatua, 
Sandb. ;  and  also  the  following  which  are  new,  Ptertnea  obovata,  a 
small  deep  species  like  PL  iexiurata,  Ph.,  but  without  concentric 
lamellae  ;  Pt,  placidOf  flatter  and  more  angulated  than  the  last  and 
with  more  distant  ribs  than  A,  urhana,  Barr. ;  PL  dilatata,  which  is 
larger  and  wider  and  with  fewer  and  more  distant  ribs  than  the 
preceding,  crossed  by  crowded  growth  lines ;  PL  cretiatissimay  a 
longer  shell  with  very  anterior  umbo,  and  covered  with  fine 
granulated  lines  crossing  minute  rays ;  PL  hellula,  a  species  like 
Pt.  faacieviata^  Goldf.,  but  with  few  alternating  ribs  crossed  by 
distant  zigzag  striae;  Avieidopecten  hiruudella,  separated  from  PL 
texturata  by  its  shorter  hinge-line  and  iiner  reticulation  (the  right 
valve  has  transverse  marks  similar  to  those  of  PL  ala,  Barr.) ;  A. 
art/ormta,  a  flat  recurved  shell  much  produced  and  rounded  behind, 
with  very  small  umbo  and  wings ;  A.  commOf  similar  to  the  pre 
ceding,  but  much  smaller  and  with  reticulated  surface ;  A,  gracxHnus, 
a  flat  elongate  sub-equilateral  form  with  minute  umbo,  notched 
anterior  ear  and  close  alternating  rihs ;  Mytilus  Ttohertsii^  which  is 
more  ovoid  and  less  produced  in  the  postero-superior  region  than  M, 
dimtdiatus,  Goldf. ;  Af.  stuHva,  a  short  squarish  form  with  fine  con- 
centric striae  and  a  few  stronger  ones ;  M,  ptnnoidea,  which  is 
shorter  and  lias  a  mure  direct  umbo  than  M,  uncinaiua,  Eichw. ; 
Myalina  ellipitca,  a  smooth  convex  ovoid  shell  differing  from  Unto 
castor,  Eichw.,  in  its  more  incurved  umbo  and  less  dilate  wings ; 
Megalodon  ?  columhinua,  separated  from  M,  carinatua,  Goldf.,  by  its 
finer  regular  plaits,  more  terminal  umbo  and  the  contour  of  ita 
elevated  keel;  M.f  profntnena,  larger  than  the  last,  and  with  coarser 
wavy  plaita,  loftier  and  more  projecting  umbo  and  more  oblique 
anterior  margin  ;  Ctenodonta  ?  lepida,  a  small  flat  transverse  shell, 
which  is  narrower  and  more  convex  anteriorly  than  P.  modiolarts, 
P.  A.  R6. ;  Cardiomorphaf  politay  a  flat  oblique  species  unlike  A, 
damnonienaia.  Ph.,  in  its  smoothness  and  its  shorter  hinge-line ; 
Cyprieardia  negUcia,  with  fewer  stronger  ribs  and  more  definite 
wing  than  M,  acalaria,  Ph. ;  C,  guttata,  with  fewer  plaits  and 
rounder  indentations  than  (7.  eremstria,  Sandb. ;  C.  emiformia,  a 
much  flatter  and  wider  shell  than  C,  neglecta,  and  with  more  and 
finer  plaits ;  Edmandia  f  dubia,  a  large  wide  convex  shell,  with  a 
recurved  anterior  umbo,  deep  area  and  close  indistinct  bifurcating 
growth  lines  ;  Hexacrinua  perarmatua,  with  calix  like  JI,  macrotatus, 
Aust,  but  covered  with  sharp  regular  non-confluent  tubercles ; 
B,  mieroglypiicua,  with  a  convex  calix,  very  long  basals  and  fine 
ornamentation;  Platyerinua  aherrana,  with  trilobed  attachment, 
elongate  calix,  three  squarish  basals,  four  or  &ye  long  radials  inter- 
calated with  one  large  and  one  small  subsidiary  anal ;  ITapIocrinua 
dedpiens,  a  minnte  jcriiioid  haying  a  short  calix  with  an  elevated 
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oonioal  snmmit  with  key-shaped  grooves  for  the  arms ;  Trteofio- 
crtntis?  Leei^  with  shorter  limbs  and  shallower  excavations  than 
T.  Woodnuim,  Wachsm.  and  Springer ;  and  SerptUa  ?  dewmiana,  a 
long  straight  smooth  and  cylindrical  tube. 


II. — Db.     Bi7ST,     ON     THE     OCOUBRENOE     OF    RaDIOLABIANS    IN    THE 

Cretagkous  Strata. 

Beitraoe  zdr  Eenntntss  der  fossilen  Radiolabien  aub 
Gesteinen  deb  Kbeide,  von  Dr.  Rust,  in  Hannover.  Palseon- 
tographica,  Bd.  34,  1888,  pp.  181—214,  Taf.  xxii.  bis  xxix. 

IN  his  first  memoir  on  the  Radiolarians  from  the  Jurassic  rocks, 
which  has  been  already  noticed  in  the  Geol.  Mag.,^  Dr.  Riist 
called  attention  to  the  apparent  scarcity  of  these  organisms  in 
Cretaceous  strata,  but  a  subsequent  examination  of  about  two  thousand 
microscopic  sections  of  the  rocks  of  this  period  has  shown  that  they 
are  very  abundant  in  some  of  the  lower  beds,  though  very  rare  in  the 
higher  beds  of  the  series.  Thus,  for  example,  a  reddish  homstone  of 
Neocomian  age  from  Eatzenberg  in  the  Trauchgebirge  was  bo  filled 
with  liadiolarians  that  it  might  properly  be  considered  as  a  former 
"  Radiolarian  ooze."  On  the  other  hand,  in  the  Upper  Chalk  only  two 
species  were  found,  and  these  were  in  limited  numbers.  They  were 
very  abundant  in  beds  of  the  age  of  the  Gault  at  ZilJi,  near  Wasser- 
leben  in  Saxony,  at  Oker  and  Goslar  in  Hanover,  at  Braussrote  in 
the  Basses  Alpes,  and  at  £scragnolles.  In  these  Gault  deposits  the 
Radiolarians  were  mostly  met  with  either  in  the  body-chamber  of 
Ammonites  or  in  true  Coprolites.  In  these  latter  they  were  invariably 
associated  with  spicules  of  siliceous  sponges  as  well  as  fragments  of 
other  organisms,  indicating,  the  author  believes,  that  the  animals 
which  produced  the  coprolites  largely  fed  on  sponges.  A  peculiar 
feature  of  many  of  these  coprolites  is  that  they  are  almost  entirely 
made  up  of  small  oval  pellets,  which  are  supposed  to  be  casts  or 
moulds  of  intestinal  follicles  of  the  Saurians  or  fishes  through  whose 
bodies  they  passed. 

From  the  Cretaceous  marls  of  Haldem  in  Westphalia  Dr.  Riist 
only  records  the  six  species  of  Radiolarians,  which  were  first  dis* 
covered  in  these  beds  and  described  by  Prof.  v.  Zittel,  and  from  the 
fiints  of  the  Upper  Chalk  of  this  country  he  obtained  but  two  species, 
Dictyoapyrii  ehlamydeay  and  Dieiyomiira  Anglica,  both  of  them  new 
forms.  The  author  thinks  that  this  paucity  of  forms  in  the  Upper 
Chalk  may  indicate  their  comparative  absence  in  the  seas  of  liiis 
period,  but  it  is  not  improbable  that  the  same  destructive  action 
which  has  dissolved  the  siliceous  skeletons  of  most  of  the  Upper 
Chalk  sponges,  has  been  still  more  effectual  in  destroying  the  far 
more  minute  and  delicate  Radiolarian  tests,  most  of  which  only  rangQ 
between  one-twentieth  and  one-fourth  of  a  millimetre  in  diameter. 

From  the  Cretaceous  rocks  as  a  whole,  165  species  included  in  74 
genera  were  obtained,  of  which  49  species  occur  in  Jurassio  rocks. 
In   general   characters    the  Cretaceous    Radiolarians  more   nearly 

1  Dbo.  III.  Vol.  III.  1886,  p.  79. 


JReciews — Elher%dge*s  FaUsozoic  Fossils.  81 

approach  those  from  the  Jurassio  strata  than  the  Tertiary  and  Hecent 
forms.  The  new  species  are  arranged  £Kxx)rdiDg  to  the  olassifi cation 
proposed  by  Ilseokel  in  his  Challenger  work,  and  figures  of  thetn  are 
given  in  the  accompanying  eight  plates.  Dr.  Hiist  also  adds  a 
tabular  list  showing  the  geological  distribution  both  of  the  Jurassic 
and  Cretaceous  species. — G.  J.  H. 


la  IB  "V"I  E  ^W  S. 


L — Fossils    ov   the   British    Islands,    stratiobaphioally    and 

ZOOLOGICALLY   ABRANGKD.      Yol.  I.      PaUBOZOIO,    OOMPRISINO   THK 

Cambrian,  Silurian,  Dxyonian,  Carboniferous,  and  Permian 
Speoiks.  With  Appendix  to  1886.  By  Robert  Etheridge, 
F.R.S.  L.  &  E.,  F.Q.S.  4to.  pp.  468.  (Oxford,  Clarendon 
Press,  1888.) 

THE  ranks  of  our  geological  army,  like  that  of  most  other  special 
scientific  bodies,  are  well-filled  with  workers  of  all  kinds,  nor 
are  writers  and  compilers  absent  from  its  many-sided  staff. 

Text-books  are  now  so  numerous  that  it  is  often  difficult  to  advise 
the  tyro  which  to  adopt, — nor  are  the  writers  of  separate  essays  and 
memoirs  by  any  means  waning,  to  judge  from  the  constant  flow 
of  these  productions  which  find  their  way  into  the  pages  of  the 
Geological  Magazine,  the  Quarterly  Journal,  an4  other  similar 
publications. 

The  writing  of  original  articles,  and  describing  individual 
specimens,  form  perhaps  the  lightest  stratum  of  our  geological 
architecture. 

Monographs  on  special  subjects  have  also  their  attractive  aspect, 
but  they  may  fairly  be  reckoned  amongst  the  more  solid  portions  of 
oar  palaeontologic  structure. 

Text- books  may  be,  and  very  often  are,  the  necessary  outcome  of 
a  long  course  of  oral  instruction,  carefully  and  conscientiously  given 
to  students  in  training ;  or  of  an  equally  arduous  pursuit  of  field- 
work  ;  but  some,  doubtless,  have  originated  mainly  from  a  careful 
application  of  '*  scissors  and  paste,"  with  connective  tissue  of  more 
or  less  firm  consistence — usually  less. 

But  of  those  who  mainly  work  for  the  benefit  of  others,  none 
deserve  our  gratitude  more  than  the  compilers  of  Catalogues, 
especially  of  such  a  confessedly  arduous  work  as  that  of  a  Catalogue 
of  British  Palsdozoic  Fossils,  such  as  that  now  before  us,  pre- 
pared by  Mr.  Etheridge.  Indeed,  the  soui*ces  of  information  lie  so 
scattered,  and  so  much  diligence  and  discernment  are  needed  in 
dealing  with  and  assorting  the  varied  matters  to  be  gathered 
together,  that  one  can  hardly  over-estimate  the  gravity  of  the  task. 

And  when  all  is  done — if  it  ever  is  done  I — much  promptitude 
seems  needed  to  seize  the  right  moment  for  publication  and  to  get  it 
ont  before  the  next  flood-wave  of  new  matter  pushes  the  patient  and 
indefatigable  compiler  back  again  and  prevents  him  from  ever 
getting   his  Catalogue  issued,  or  at  any  rate  before  it  mw^l  \>^ 
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modified,  owing  to  the  progress  of  new  palasontologioal  discovery 
and  new  publioations. 

In  1830  Saniael  Woodward,  of  Norwich,  published  the  fint 
attempted  list  of  British  fossils,  a  little  book  of  fifty  pages  octavo, 
entitled  "  A  Synoptical  Table  of  British  Organic  Remains,*'  wherein 
the  number  of  recorded  British  fossils  is  given  as  2008. 

Prof.  John  Morris  published  the  first  edition  of  his  Catalogue  of 
British  Fossils  in  1845,  and  a  second  edition  in  1854.  It  must  not, 
however,  be  overlooked  that  in  1848-49,  between  the  issue  of  the 
first  and  the  second  edition  of  Morris's  Catalogue,  the  great  work  of 
Dr.  H.  G.  Bronn,  entitled  **  Index  Palasontologicus,"  in  three  vols. 
8vo.  (Stuttgart),  had  appeared.  This  work  really  formed  the  most 
important  and  correct  contribution  to  Pal  aeon  tological  nomenclature, 
giving  us  the  most  complete  and  accurate  census  of  past  life-forms 
ever  attempted. 

The  author  of  the  present  work,  Mr.  Etheridge,  is  no  novice  at 
the  task  of  tabulating  British  fossils,  as  may  be  abundantly  proved 
from  his  very  numerous  published  paUaon tological  Appendices  to 
the  Memoirs  of  the  Geological  Survey  (especially  that  to  Vol.  III. 
on  North  Wales),  his  great  Memoir  ''On  the  Physical  Structure  of 
West  Somerset  and  North  Devon  and  on  the  Palsdontological  Value 
of  the  Devonian  Fossils  "  (Quart.  Joum.  Geol.  Soo.  1867,  vol.  xxiiL 
pp.  568-698),  and  his  Anniversary  Addresses  as  President  of  the 
Geologicaf  Society,  1881-82. 

Mr.  Etheridge  also  largely  aided  the  late  Dr.  J.  J.  Bigsby,  F.R.S., 
in  the  production  of  two  very  valuable  Catalogues,  one  entitled 
<<  Thesaurus  Siluricus "  (4to.  1868),  and  the  other  <*  Thesaurus 
Devon ico-Carboniferus"  (4to.  1878). 

In  Prof.  Morris's  second  edition  are  enumerated  8359  species  of 
British  fossils,  from  rocks  of  all  ages ;  in  the  present  volume,  which 
g^ves  a  list  of  fossils  recorded  only  from  the  British  PalsBOSoio 
rooks  known  up  to  1886,  we  find  the  number  to  be  6022  species, 
whilst  those  met  with  in  the  Neozoic  formations  (not  included  in 
the  present  Catalogue)  number,  according  to  Mr.  Etheridge,  no  fewer 
than  13,000— giving  a  grand  total  for  the  British  Islands  of  19,022 
species  at  the  date  when  the  present  list  closed  in  1886. 

Undoubtedly  we  are  mainly  indebted  to  Morris  for  the  first  really 
important  critical  list  of  British  fossils,  and  this  has  been  of  the 
greatest  use  to  workers  in  palsdontology  and  also  in  stratigraphical 
geology,  by  directing  them  to  those  published  sources  of  fuller 
information,  such  as  Sowerby's  Mineral  Conchology,  Mantell's  and 
Dixon's  works,  the  Transactions  and  Journal  of  the  Geological 
Society,  and  later  to  the  grand  series  of  volumes  of  the  Palsdonto- 
graphical  Society,  whose  vast  stores  of  information  needed  sucli  a 
Cat^ogue  raisonnee  to  make  them  available  to  the  ordinary  working 
student  seeking  to  arrange  and  name  his  collection  and  to  fix  with 
certainty  the  horizon  from  which  he  had  obtained  his  fossils. 

Most  of  all  do  such  works  attain  their  highest  usefulness  when 
they  can  be  appealed  to  as  critical  guides,  and  safeguards  against  the 
unnecessary  multiplication  of  names  in  palaeontology. 
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In  that  vast  maze  of  modem  scientifio  nomenclatnre  to  which 
he  multitude  of  Bpeotalists  have  given  origin,  in  which  the 
itadent  of  palsBontology  finds  himself  too  often  entangled,  it  is  no 
mall  matter  to  find  some  friendly  clae  o£fered  ready  to  his  hand, 
fhioh  if  it  will  not  in  every  oase  carry  him  safely  out  of  the 
ibyrinth,  may  at  least  g^ve  him  a  help  in  the  right  direction  by 
ihowing  him  how  to  get  at  the  reference  he  wants. 

It  is  only  right  to  state,  with  regard  to  the  work  before  us,  that 
en  years  ago  it  was  quite  ready  and  ripe  for  publication ;  but  owing 
0  family  illness  and  official  duties  having  intervened,  the  work, 
fhioh  might  have  been  issued  in  1878,  appeared  only  in  1888.  As 
i  consequence  of  this  unfortunate  delay,  a  very  much  larger  Supple- 
nent  has  been  found  indispensable  in  order  to  bring  the  several  long 
iats  of  fossils  up  to  the  closing  date  of  1886. 

Turning  a  critical  eye  to  the  work  itself,  we  are  at  once  struck  by 
he  important  difference  in  arrangement  between  Mr.  Etheridge*s 
i^atalogne  and  that  of  its  nearest  predecessor,  Morris's  Catalogue  of 
British  Fossils  (1856).  In  the  latter  work  we  had  a  small  8vo.  page 
»nly,  and  the  species  from  the  oldest  Palaeozoic  to  the  Recent  were 
ill  arranged  under  their  respective  orders,  families,  and  genera,  the 
atter  alphabetically,  save  in  great  groups,  such  as  the  Ammonites  . 
md  the  Brachiopods,  which  are  simply  subdivided  into  Palseozoio 
ind  Oolitic ;  or  Oolitic  and  Cretaceous.  In  Mr.  Etheridge*s  volume 
we  have  a  large  quarto  page  subdivided  into  ruled  spaces  and 
iolumns,  with  the  genera  and  species  alphabetically  arranged  under 
he  great  zoological  groups,  and  further  into  Cambrian  and  Silurian, 
Devonian,  Carboniferous  and  Permian,  whilst  their  range  is  indicated 
hrough  a  limited  number  of  geological  subdivisions  by  asterisks 
>laoed  in  the  column  headed  with  the  name  of  the  formation,  as 
Harlech,  Menevian,  Lingula  Flags,  Lower,  Middle,  or  Upper 
[>evonian,  according  to  the  several  horizons  included  on  the  page. 

Taking  the  genera  and  species,  these  are  given  with  one  or  more 
references  to  the  works  published,  but  without  localities,  not  as 
nras  the  case  in  Morris's  Catalogue. 

Whenever  a  species  has  remained  for  some  time  under  an  earlier 
i^neric  appellation  than  that  by  which  it  has  since  been  recognized, 
it  will  be  found  duly  recorded  both  under  the  old  and  disused  genus 
md  under  the  new  and  present  recognized  one,  only  the  former 
referenoe  is  printed  in  italics  and  the  latter  in  roman  type,  with  a 
aross-referenoe  to  the  newer  name. 

The  earlier  part  of  the  Catalogue,  up  to  p.  376,  is  provided  with 
m  admirable  index. 

The  Appendix  which  follows,  covering  about  ten  years  down  to 
;lie  end  of  1886,  is  more  concise  in  its  references  as  compared  with 
:he  earlier  part  of  the  work  and  it  has  also  an  index  to  it. 

Without  consulting  this  Appendix  it  might  appear  that  the  former 
Mirt  of  the  work  was  incomplete,  which  is  not  the  case ;  but,  taking 
i  single  group  like  the  Sponges,  a  still  newer  revision  of  the  genera 
las  taken  place  subsequent  to  1886,  which  will  necessitate  a 
nrther  re-arrangement  of  these  oiganisms  whenever  a  uevf  ed\\AOii 
)f  this  Catalogue  shall  appear. 
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The  recent  revision  of  the  fossil  Mammalia,  the  fossil  Beptilia, 
and  the  Fishes — still  in  progress —will  all  materially  affect  the 
possibility  of  making  a  moderately  complete  cataiogoe  of  British 
fossils  for  some  time  longer,  and  then  the  new  edition  will  have  to 
be  pushed  forward  in  a  briefer  space  of  time  throngh  the  press 
than  has  the  present  issne. 

For  owing  to  the  large  army  of  specialists  which  has  arisen  within 
the  last  25  years,  the  task  of  the  scientific  compiler  who  undertakes 
to  codify  the  long  lists  of  species  under  each  and  every  separate 
biological  heading,  becomes  more  and  more  difficult  as  the  years  roll 
on,  and  the  Diogenes  in  Science  who  expects  to  find  a  perfect 
Nomenclator  had  better  return  to  his  tub  and  hang  up  his  lantern. 

Whilst,  however,  it  cannot  be  overlooked  that  there  are  many 
literary  defects  as  to  words  and  references  which  have  unfortunately 
remained  uncorrected  even  in  the  list  of  errata  and  corrigenda  at 
the  end  of  the  volume,  we  cannot  ignore  our  great  indebtedness  to 
the  author  for  the  time  and  patience  he  has  bestowed  in  bringing 
out  the  work  under  many  trials  and  drawbacks  only  known  to 
some  few  of  his  more  intimate  personal  friends. 

As  might  be  expected  of  a  work  published  by  the  Oxford 
University  Press,  the  general  aspect  of  these  complex  and  difficult 
pages  with  their  numerous  columns — in  some  cases  as  many  as 
twenty  on  a  single  page — is  excellent  and  deserves  great  praise. 

This  labour  of  love  which  the  author  has  now  so  happily  com- 

Sleted,  as  regards  Part  I.,  has  extended  over  fully  thirty  years  of 
[r.  Etheridge's  life,  having  been  the  work  of  his  leisure  hours  and 
done  quite  apart  from  his  official  duties,  indeed,  having  been  carried 
on  often  into  the  hours  which  most  men  wisely  set  apart  for 
"  Nature's  sweet  restorer,  balmy  sleep." 

We  feel  sure  that  every  one  will  read  with  regret  the  author's 
announcement  at  the  end  of  his  Preface  that,  although  the  Mesozoio 
and  Cainozoic  portions  forming  Part  II.  of  his  Catalogue  are  com- 
pleted in  MS.,  his  other  occupations  deter  him  from  attempting  the 
task  of  preparing  the  remainder  for  publication.  It  is  to  be  earnestly 
hoped  that  with  the  assistance  of  friends  this  difficulty  may  yet 
be  overcome. 

Of  one  thing  we  feel  sure,  namely,  that  this  first  instalment  of  a 
much-needed  and  long-delayed  work  will  be  heartily  welcomed  by 
all,  and  will  find  its  place  as  a  work  of  reference  on  the  shelf  of 
every  scientific  library. 


II. — Report  of  the  Geolooioal  Survey  of  Ohio.  Vol.  VI. 
Economic  Geology.  Royal  8vo.  pp.  831,  with  Maps  and  Figures. 
(Columbus,  1888.) 

THIS  volume  is  mainly  devoted  to  a  history  of  the  origin  and 
mode  of  occurrence  of  the  natural  gas  and  petroleum  present 
in  the  rock-series  of  the  State  of  Ohio.  About  four  years  since  a 
deep  well-boring  in  Hancock  County,  in  the  north-western  part  of 
the  State,  revealed  the  existence  of  large  accumulations  of  oarbu- 
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ited  hydrogen  gas  and  petrolenm  in  limestone  strata,  abont  1100 
*  1200  feet  beneath  the  surface.  The  rocks  proved  to  be  of 
renton  age,  t.«.  Ordo^cian,  about  the  horizon  of  our  Llandeilo 
lags.  The  existence  of  these  products  in  workable  quantities  at 
lis  low  horizon  was  an  entirely  new  and  unexpected  fact  to 
.merican  geologists,  and  as  the  geological  structure  of  Ohio  is 
itremely  simple,  without  breaks  or  important  disturbances,  and  it 
ras  known  that  the  Trenton  formation  would  be  found  at  depths 
aiying  from  1000  to  2000  feet  beneath  the  surface,  throughout  the 
restem  areas  of  the  State,  wells  were  rapidly  drilled  in  all 
irections.  The  great  majority  of  these  were  unproductive,  but  in 
ertain  limited  areas  the  yield  of  gas  and  petroleum  has  been  on  a 
larvellous  scale.  The  facts  brought  to  light  by  these  borings  were 
arefnlly  collated  by  the  Geological  Survey  of  Ohio,  and  they  are 
•resented  by  Professor  Edward  Orton,  the  State  Geologist,  in  a 
stalled  and  lucid  manner  in  the  present  volume.  Owing  to  the 
imple  and  undisturbed  character  of  the  geological  series  in  Ohio, 
he  questions  affecting  the  origin  and  accumulation  of  natural  gas 
nd  petroleum  are  more  likely  to  be  solved  here  than  in  areas  where 
ock  disturbances  tend  to  make  the  problem  more  complicated. 

In  the  north-western  part  of  Ohio,  beneath  the  mantle  of  boulder 
lay,  the  rocks  outcropping  at  the  surface  belong  for  the  most  part 
o  the  Lower  Helderberg  series,  the  upper  portion  of  the  Silurian. 
[Iiese  are  mainly  bituminous  limestones,  with  an  average  thickness 
»f  about  300  feet  Beneath  these  in  conformable  succession,  and 
vith  dips  so  small  as  to  be  scarcely  appreciable,  are  the  Niagara 
eries  of  limestones  and  shales,  and  the  Clinton  series,  together  about 
too  feet  thick  ;  then  a  thin  deposit  of  Medina  shales  ;  beneath  these 
he  Hudson  River  or  Cincinnati  group  of  shales  and  limestones,  with 
in  average  thickness  of  600  feet,  and  the  Utica  shales  300  feet  in 
hickness;  under  which  the  Trenton  limestones  are  found.  Both 
^s  and  petroleum  are  present  in  small  and  variable  amounts  in  each 
)f  these  different  rock-series,  but  not  sufficient  to  be  of  economical 
:alue.  Even  in  the  Trenton  rocks,  the  accumulation  of  these 
)roducts  in  workable  quantities  seems  to  depend  on  two  conditions ; 
irst,  a  rise  or  elevation  of  the  strata  in  the  productive  areas  above 
he  beds  of  those  adjoining,  and  next,  that  the  upper  portion  of  the 
Trenton  beds  consists  of  a  porous  dolomite  or  magnesian  limestone. 
Phis  dolomite  appears  to  have  resulted  from  the  alteration  of  true 
imestones ;  at  all  events,  it  occurs  in  patches  surrounded  by  the 
lormal  limestones  containing  the  usual  fossils.  The  Trenton  lime- 
stone itself  has  been  penetrated  for  500  or  600  feet,  but  it  has  been 
iscertained  that  the  profitable  accumulation  of  gas  or  oil  was  limited 
:o  the  upper  beds. 

The  facts  point  to  the  inevitable  conclusion  that  the  Trenton  lime- 
stone is  the  source  of  the  inflammable  products  ;  that  resulting  from 
irtesian  pressure  they  accumulate  in  the  areas  which  are  slightly 
elevated  and  where  the  rocks  have  become  dolomitized  and  porous. 
The  petroleum  and  gas  can  only  be  derived  from  the  decomposition 
)f  the  animal  organisms,  the  skeletons  of  which  now  compose  the 
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limestones.  Judging  from  the  fossils  in  this  rock  where  it  ontcrops 
at  the  surfaoe  in  other  areas,  the  fauna  is  entirely  invertebrate,  and 
mainly  consists  of  Crinoids,  Trilobites,  Brachiopods,  Corals  aud 
Polyzoa.  llie  volatile  products  of  the  decomposition  are  confined  to 
the  upper  beds  of  the  limestones  by  the  presence  of  the  massive 
overlying  beds  of  the  Utica  shale,  llie  animal  origin  of  the  petroleum 
in  these  limestones  most  probably  accounts  for  the  fact  that  the  crude 
material  contains  a  greater  amount  of  sulphur,  and  is  consequently 
more  di£Scult  to  deodorize,  so  as  to  be  suitable  for  burning,  than  the 
petroleum  from  the  Pennsylvania  wells,  which  in  all  probability  is 
derived  from  the  organic  matter  of  bituminous  shales,  and  is  of 
vegetable  origin.  Prof.  Orton  is  of  opinion  that  in  Ohio  the  petroleum 
has  been  produced  at  normal  rock  temperatures,  and  is  not  a  product 
of  destructive  distillation  of  bituminous  shales,  and  that  the  stock  of 
petroleum  in  the  rocks  is  already  practically  complete.  This  has 
been  forcibly  shown  by  the  practical  exhaustion  of  the  supply  in 
many  areas  which  were  at  first  productive,  the  place  of  the  oil  being 
taken  by  strongly  saline  water. 

In  certain  localities  in  the  north-eastern  part  of  Ohio,  where 
Carboniferous  and  Devonian  rocks  occur,  an  important  supply  of 
petroleum  and  gas  has  been  obtained  in  a  sandstone  rock  of  sub- 
Carboniferous  age,  known  as  the  Berea  grit  The  petroleum  is 
believed  in  this  case  to  be  derived  from  thick  beds  of  bituminous 
shale  underlying  the  grit,  and  it  is  probably  of  plant  origin.  Prof. 
Orton  likewise  discusses  the  value  of  the  Ohio  (Devonian)  shales  in 
Ohio  as  a  source  of  oil  and  gas.  Many  particulars  are  likewise 
given  of  the  amounts  produced,  the  mode  of  drilling  the  oil-wells, 
and  the  transportation  and  methods  of  using  the  natural  gas. 

G.  J.  H. 

m. — Oeologioal  Survey  of  England  and  Wales. 

1. — The  Oeologt  of  the  Cheviot  Hills  (English  side).       By 

C.  T.  Clough,  M.A.,  F.G.S.     8vo.  pp.  60.    Price  1«.  6<i 

THE  country  described  in  this  Memoir  belongs  entirely  to  Northum- 
berland ;  it  is  for  the  most  part  hilly,  the  highest  point  (Cheviot) 
being  2676  feet  above  sea-level.  The  oldest  rocks,  consisting  of 
grey-green  shales  and  greywackes,  are  grouped  with  the  Wenlock 
Beds.  They  contain  *'  apparently  very  few  distinct  fossil  remains.'* 
These  beds  are  overlaid  unconformably  by  the  Cheviot  volcanic 
series — porphyrites,  ashes,  and  ashy  sandstones — grouped  as  Lower 
Old  Red  Sandstone.  Tliere  is  also  a  granitic  core,  probably  of  the 
same  age.  Higher  still,  there  are  representatives  of  Upper  Old  Bed 
Sandstone,  in  certain  conglomerates  at  Windy  Oyle,  etc. ;  these  are 
not  to  be  clearly  separated  from  the  conglomerates  at  the  base  of  the 
Carboniferous  system.  The  Lower  Carboniferous  beds  are  divided 
as  follows : — 

Fell  Sandstones  =  Bernician  (in  part). 

Cementstone  Series  I  —  T    i\' 

Lower  Freestone  (flaggy  sandstones)  j  ""  ■■^^®"'^'^* 

Basement  Conglomerates. 
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The  oonglomerates  probably  oooar  on  many  dififerent  horizons,  but 
when  traced  northwards  into  Soothind,  they  are  associated  with  red 
tod  yellow  sandstones  containing  undoubted  Upper  Old  Red  Sand- 
stone fishes.  Several  basaltic  dykes  (in  part,  probably  Tertiary) 
oocor  in  the  area.  The  remarks  on  igneous  and  eruptive  rocks  aie 
based  to  some  extent  on  researches  made  by  Mr.  Teall,  but  the 
tathor  gives  the  result  of  much  personal  observation,  and  his  notes 
on  crushed  granite  are  of  especial  interest. 

A  short  chapter  is  devoted  to  Olacial  Deposits,  the  author  remark- 
ing that  the  uigher  summits  of  Cheviot,  eta,  seem  never  to  have 
been  over-ridden  by  foreign  ice,  but  to  have  acted  as  independent 
oentres  of  glaciation.  There  are  also  notes  on  recent  accumulations 
(peat  mosses,  eta),  on  the  physical  structure  of  the  district,  on 
some  aspects  of  scenery  in  relation  to  geology,  and  on  the  economic 
rosouroee  of  the  area. 


2. — Ths  Oeologt  of  the  Country  abound  East  Dsbeham.  By 
J.  H.  Blablb,  F.Q.S.,  eta  (Parts  by  H.  B.  Woodward,  F.G.S., 
and  F.  J.  Bennett,  F.O.S.)     8va  pp.  59.     Price  1«.  6d. 

IN  this  Memoir  we  have  descriptions  of  the  Chalk,  Pebbly  Series 
(Bure  Valley  Beds),  Olacial  Drift,  River  Oravel,  and  Alluvium. 
The  district  occupies  the  central  portion  of  Norfolk,  and  includes 
(besides  East  Dereham)  Litcham,  Reepham,  and  North  Elmhara. 
Geologically  speaking,  the  country  is  but  little  known,  the  p]*e- 
vionsly  published  notices  being  confined  to  papers  by  the  late  S.  Y. 
Wood,  jun.,  and  Mr.  Blake,  and  to  references  by  the  late  C.  B.  Rose. 
A  fnll  list  of  fossils  from  the  Chalk  is  now  given,  and  detailed  notes 
of  the  various  pits  and  sections  exposed.  The  Pebbly  Series  has 
yielded  no  fossils  in  the  area  now  described,  and  its  precise  age  is  a 
inbject  on  which  opinions  differ,  Mr.  Blake  grouping  it  with  the 
Glacial  Drift,  while  Mr.  H.  B.  Woodward  places  it  in  the  Norwich 
Crag  Series.  A  large  part  of  the  area  is  covered  by  the  Chalky 
Boulder  Clay,  and  this  is  overlaid  in  places  by  coarse  *'  cannon- 
shot"  gravel  and  sands.  Notes  on  the  economic  resources,  and 
records  of  a  number  of  well-borings  are  given. 
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I.— December  19, 1888.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President, 
in  the  Chair.     The  follovring  communications  were  read : — 

1.  "  TrigonoerinuBt  a  New  Genus  of  Crinoidea  from  the  '  Weisser 
Jara '  of  Bavaria,  with  Description  of  New  Species,  T.  liratus ; 
Appendix  I.  Sudden  Deviations  from  Normal  Symmetry  in  Neo- 
crinoidea;  and  Appendix  II.  Manupites  iestudinariuB,  Schl.,  sp." 
By  F.  A.  Bather,  Esq.,  B.A.,  F.G.S. 

This  genus  is  proposed  on  the  evidence  of  two  calyces  in  the 
British  Museum  (Natural  History),  which  were  found  among  speci- 
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mens  of  Ewfeniaeriniis  from  Streitberg.  The  species  of  Eugenia- 
crinuB,  PhyllocrinuB,  and  Trigonocrinus  may  be  arranged  in  a  series 
which  is  apparently  one  of  evolution.  The  present  genus  is,  there* 
fore,  to  be  placed  with  the  Eugeniacrinidse,  althoueh  its  characters 
are  not  those  of  the  family  as  heretofora  defined.  This  is  seen  from 
the  following  diagnosis : — 

Trigonocrinus,  gen.  nov. — Calyx  roughly  triangular  or  trilobate 
in  section.  Basals  4,  but  one  so  atrophied  as  to  be  almost  invisible; 
all  fused  into  a  basal  ring.  First  radials  4  ;  the  two  on  either  side 
of  the  smallest  basal  half  the  size  of  the  others,  thus  maintaining 
the  triangular  symmetry ;  all  closely  united,  with  each  suture-line 
in  a  groove.  Processes  of  radials  well  developed,  forming  spines 
homologous  with  the  petals  of  PhyUocrinus ;  excepting  the  adjacent 
processes  of  the  smaller  radials,  which  only  form  a  minute  ridge. 
Articular  surface  of  radials  curved  gently  inwards  and  upwards; 
muscular  impressions  indistinct  or  absent;  no  articular  ridge;  no 
canal-aperture.  Arms  unknown ;  ?  represented  by  fleshy  appen- 
dages. Calycal  cavity  contained  in  first  radials ;  with  small  round 
ventral  aperture,  surrounded  by  a  rim,  which  is  the  only  relic  of  a 
muscular  attachment.     Stem  im known. 

The  two  calyces  belong  to  the  same  species,  viz.  T,  liratvB,  sp. 
nov. — Calyx  rather  more  elongate  than  in  the  known  species  of 
Phyllocrinus ;  basals  ornamented  with  minute  granules;  radials 
ornamented  with  similar  granules  run  into  curved  ridges,  which, 
owing  to  their  dififering  intensity,  give  an  imbricated  appearance; 
spines  triangular  in  section,  with  the  base  of  the  triangle  directed 
inwards,  the  apex  outwards,  the  angles  often  rounded. 

The  dififerentiation  of  Trigonocrinus  from  the  central  Eugeniacrinid 
type  has  been  efiected  on  the  one  hand  in  accordance  with  the 
principles  of  "  Degeneration,"  "  Reversion,"  and  **  Use  and  Disuse" ; 
while,  on  the  other  hand,  it  exemplifies  certain  methods  of  change 
in  organic  forms,  which  may  be  refen*ed  to  the  categories  of  (1)  Sport, 
(2)  Hypertrophy  and  Atrophy,  (3)  Fusion  and  Fission.  Thus  con- 
sidered it  is  of  unique  interest  among  Crinoidea.  An  examination  of 
the  variations  in  symmetry  presented  by  the  Echinodermata  suggests 
the  conclusion  that  the  Pentamerous  type  was  originally  evolved 
from  another  system,  or  at  least  that  it  was  selected  from  among 
other  variations,  that  it  has  survived,  and  that  it  has  been  kept  true, 
as  being  the  fittest 

Appendix  I.  Sudden  deviations  from  normal  symmetry  in  Neo- 
crinoidea. 

A  collection  of  instances  from  previous  authors,  with  a  few  addi- 
tions, the  whole  illustrating  the  latter  portion  of  the  paper. 

Appendix  II.  On  Maraupites  testtidinarivs,  von  Schlotheim,  sp. 

A  synonymy  of  the  genus  Marsupites ;  it  contains  but  one  known 
species,  and  all  other  names  must  yield  to  this  one. 

2.  "  On  Archaocyathus,  Billings,  and  on  other  Genera  allied 
thereto,  or  associated  therewith,  from  the  Cambrian  Strata  of  North 
America,  Spain,  Sardinia,  and  Scotland."  By  Dr.  G.  J.  Hinde, 
F.G.S. 
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A  revision  of  the  type  specimens  of  the  tliree  species  included  by 
Mr.  Billings  in  the  genus  Arehaoeyathua  shows  that  each  of  the 
species  represents  a  distinct  genus.  ArehaocifathuB  profunda,  having 
been  selected  hy  Mr.  Billings  in  1865  as  the  typical  species,  was 
retained  as  such,  and  the  characters  of  the  genus,  as  shown  in  this 
species,  were  defined ;  Arch.  ailanticuSf  Bill.,  was  made  the  type  of 
1  new  genus,  Spirocyatkua ;  and  the  third  species,  Arch,  minga- 
MMts,  which  proves  to  he  a  siliceous  sponge,  was  included  in  a 
new  genns,  ArchaoBcyphia, 

Inclading  the  genera  allied  to  Archaocyalhus,  descrihed  hy  Meek 
Slid  Bomemann,  the  following  constitute  the  family  Arohjeocya- 
THiVM,  proposed  hy  this  last-named  author;  Archaocyathus,  Bill.; 
Etkmophyllvm,  Meek;  CoBcinocydihis,  Born.;  Anthomorpha,  Born.; 
Protophareta,  Bom. ;  and  Spirocyathns,  g.n. 

The  genera  of  this  family  are  characterized  for  the  most  part  hy 
tiirhinate  or  subcylindrical  forms  with  stout  walls  enclosing  an 
interior  tubular  or  cup-shaped  cavity.  Their  skeletons  are  of  car- 
bonate of  lime  in  a  minutely  granular  condition.  The  walls  in  the 
first  foor  of  the  above-named  genera  consist  of  an  outer  and  inner 
lamina  connected  hy  vertical  and  radial  septa ;  diHsepiments  are 
generally  present  between  the  septa ;  save  in  the  genns  Anthomorpha, 
the  outer  lamina  of  the  wall  is  regularly  and  minutely  perforate, 
and  the  inner  lamina  and  septa  are  likewise  cribriform ;  Ethmophyllum 
is  particularly  distinguished  by  oblique  canals  connecting  the 
interspaces  of  the  wall  with  the  central  cavity,  Coscinocyathus  by 
transverse,  perforate  tabulse,  and  Anthomorpha  by  the  apparently 
imperforate  character  of  the  surface  laminie  and  septa.  Protophareta 
and  Spirocyathftt  are  either  non-septate,  or  very  obscurely  septate ; 
their  skeleton  consists  of  anastomosing  laminaa  and  fibres  ;  in  the 
latter  genus  the  laminse  are  remarkably  thickened  by  successive 
secondary  deposits  of  calcareous  material. 

The  Archsdocyathinsa  are  regarded  as  a  special  family  of  the 
Zoantharia  sclerodermata,  in  some  features  allied  to  the  group  of 
perforate  corals.  The  family  is  restricted,  so  far  as  is  known  at 
present,  to  the  lowest  fossiliferous  zone  of  the  Cambrian  strata,  that 
characterized  by  the  genus  Olenella,  Hall,  and  it  occurs  at  Anse-au- 
lonp,  Labrador ;  Troy,  New  York  State ;  Nevada ;  in  the  Sierra 
Morena,  Spain  ;  and  in  the  south-west  of  the  Island  of  Sardinia. 

'llie  genus  Archaoaeyphia,  based  on  Archaocyathus  minganensts, 
Bill.,  is  shown  to  be  a  lithistid  sponge,  and  Nipterellay  g.n.,  based 
on  Calathium  (?)  paradoxicuniy  Bill.,  belongs  likewise  to  the  same 
group  of  sponges.  The  genera  Calathiumy  Bill.,  and  Trichospongia, 
Bill.,  are  also  undoubted  siliceous  sponges.  These  various  sponges, 
which  were  either  included  in  ArchcBocyathiia  by  Mr.  Billings,  or 
regarded  as  allied  thereto,  have  no  relation  whatever  to  the  genus, 
or  to  any  member  of  the  family  in  which  it  is  included.  They  come 
from  a  higher  geological  horizon,  the  Galciferous  formation  of  the 
Canadian  geologists,  which  is  probably  the  summit  of  the  Cambrian. 
They  occur  in  the  Mingan  Islands  and  in  Newfoundland.  Archao- 
9€j/phia  and  Calathium  are  present  in  the  Durness  limestones. 


90  BcporU  and  Proceedings — 

8.  '•  On  the  Jersey  Brick  Clay."    By  Dr.  Andrew  Dunlop,  F.G.S. 

This  clay  is  of  a  dull  yellow  colour  and  somewhat  sandy ;  in 
places  it  effervesces  with  acids ;  bedding  and  lamination  have  been 
noted.  The  lower  part  contains  angular  stones,  usually  with  their 
longest  diameter  parallel  to  the  surface  of  the  underlying  rock,  and 
either  derived  from  it  or  from  some  other  rock  not  far  distant.  The 
bulk  of  the  rocks  consist  of  granite,  diorite,  rhyolite,  quartz-felsite, 
eta,  but  there  is  an  argillaceous  shale,  locally  hardened,  which  is 
largely  developed  over  considerable  areas.  The  clay  occurs  in 
patches,  covering  all  kinds  of  rocks,  and  is  spread  over  the  raised 
beaches ;  it  seems  more  abundant  on  the  higher  grounds.  A  similar 
clay  occurs  in  Normandy  and  in  the  other  Channel  Islands. 

The  author  was  disposed  to  regard  this  clay  as  probably  a  fluviatile 
deposit  laid  down  towards  the  close  of  the  Glacial  Period,  when 
the  Channel  Islands  were  at  a  lower  level  and  united  to  the  main* 
land.  Subsequently  he  conceived  that  it  might  be  the  result  of  the 
decomposition  of  shale,  felspathic  porphyry,  etc.,  some  sections 
seeming  to  show  this  process  as  still  going  on  ;  the  clay,  too,  seems 
better  developed  over  this  class  of  rock ;  if  so,  it  would  require  a 
moving  foroe  more  energetic  than  oi*dinary  rainwash. 


II.— Jan.  9, 1889.— H.  Woodward,  LL.D.,  F.R.S.,  Vice-President, 
in  the  Chair. — The  following  communicationa  were  read : — 

1.  "On  the  Growth  of  Crystals  in  Igneous  Rocks  after  their 
Consolidation."     By  Prof.  J.  W.  Judd,  F.R.S.,  F.G.S. 

That  the  characteristic  structures  of  the  "granophyric"  rook  were 
not  acquired  by  them  during  the  act  of  consolidation,  but  have 
resulted  from  secondary  changes  taking  place  subsequently,  was 
suggested  in  a  former  oommunication  to  the  Society.  Additional 
evidence  was  now  brought  forward  concerning  the  nature  of  the 
processes  by  which  these  structures  —  variously  known  as  tlie 
micropegmatitic,  the  centric  or  ocellar,  the  pseudospherulitic,  the 
microgranitic,  and  the  drusy  or  miarolitic — which  are  found  in  the 
peripheral  zones  and  the  apophyses  of  granitic  intrusions,  must 
have  been  produced. 

That  fragments  of  crystals  in  detntal  rocks  undergo  enlargement 
and  redevelopment  has  been  shown  by  Sorby,  Van  Hise,  Bonney, 
and  many  other  authors.  The  fact  has  also  been  frequently  recog- 
nized that  curious  outgrowths  may  often  be  detected  in  connection 
with  the  crystals  of  igneous  rocks ;  such  outgrowths  have  usually 
been  regarded,  however,  as  having  been  formed  during  the  original 
consolidation  of  the  rock. 

In  a  "  labradorite-andesite  "  (labradorite  of  French  petrographers) 
belonging  to  the  older  or  "  felstone  "  series  of  ejections  in  the  Ter- 
tiary volcano  of  Mull,  large  crystals  of  a  plagioclase-felspar,  near  to 
labradorite  in  composition,  are  found  to  exhibit  large  and  remark- 
able outgrowths  of  very  irregular  forms.  The  distinction  between 
these  outgrowths  and  the  original  crystals  is  rendered  very  obvious 
from  the  circumstance  that  the  original  crystals  have  been  corroded 
by  the  enveloping  magma  and  contain  enclosures  of  the  same,  and 
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that  they  have  been  muob  cracked,  and  sometimes  even  partially 
kaolinized  before  growth  recommenced  in  them.  In  some  cases 
the  crystals  have  been  actually  broken  and  recemented  by  newly 
deposited  felspar-material. 

While  there  is  a  general  ciystallograpbic  continuity  between  the 
old  felspar-crystals  and  the  new  outgrowths  from  them,  the  varia- 
tions in  the  position  of  extinction  in  different  portions  of  the 
enlarged  crystal  show  that,  as  growth  went  on,  the  composition  of 
successively  formed  zones  gradually  and  progressively  changed  from 
near  the  anorthite  limit  to  close  upon  the  albite  limit. 

These  facts  prove  that,  under  suitable  conditions,  felspar- crystals 
in  solid  rock-masses  may  grow  at  the  expense  of  the  unstable  glass- 
magma  by  which  they  are  surrounded,  lliis  conclusion  is  in  com- 
plete harmony  with  some  other  recent  researches — especially  those 
of  Dr.  J.  Lehmann  on  the  mode  of  production  of  the  perthite- 
structure  in  felspars.  In  conclusion,  the  circumstances  which  have 
given  rise  to  the  exceptionally  clear  illustration  of  the  processes 
described  in  the  rock  under  consideration  were  explained,  and  the 
bearings  of  the  principles  enunciated  on  the  theory  of  metamorphism 
are  indicated* 

2.  **The  Tertiary  Volcanoes  of  the  Western  Isles  of  Scotland." 
By  Prof.  J.  W.  Judd,  F.R.S.,  F.G.S. 

In  his  recently  published  memoir,  **  The  History  of  Volcnnic 
Action  during  the  Tertiary  Period  in  the  British  Isles,"  Dr.  A. 
Geikie,  while  adopting  many  of  the  views  propounded  in  a 
communication  made  to  this  Society  in  1874,  '*0n  the  Ancient 
Volcanoes  of  the  Highlands,"  takes  exception  to  certain  of  the 
conclusions  which  are  maintained  in  that  paper. 

Among  the  ideas  set  forth  in  1874,  of  which  Dr.  Geikie  now 
announces  his  acceptance,  and  to  which,  indeed,  he  supplies  valuable 
support  and  confirmation,  from  his  own  observations  and  those  of 
Tarious  members  of  the  Geological  Survey,  are  the  following  : — 

(1)  The  perfect  transition  between  the  plutonic  rocks  of  the 
district  (granites  and  gabbros)  and  the  lavas  ('*  felstones "  and 
basalts),  and  the  dependence  of  each  variety  of  texture  exhibited  by 
them — from  the  holocry stall ine  to  the  vitreous — on  the  conditions 
under  which  solidification  took  place. 

(2)  The  presence  of  great  masses  composed  of  volcanic  agglomer- 
ates, breccias  and  tu£fs,  with  numerous  intrusive  bosses,  sheets,  and 
dykes,  at  five  well-marked  eruptive  centres,  namely  Mull,  Ardan- 
niurcban.  Bum,  Skye,  and  St  Eilda,  and  the  subaerial  character  of 
the  ejections  at  these  five  centres. 

(3)  The  Tertiary  age,  not  only  of  the  lavas,  but  also  of  the 
gabbros  and  granites'  found  associated  with  them  at  these  difierent 
centres. 

The  conclusions  to  which  exception  Is  taken  are  as  follows  : — 

(1)  I'hat  the  ejection  of  the  ''  felstone  "  lavas  and  the  intrusion 
of  the  granites  preceded  the  appearance  of  the  basalts  and  gabbros. 

(2)  That  the  five  centres  of  eruption  mark  the  sites  of  as  many 
great  volcanic  cones,  now  rained  and  dissected  by  denudation. 
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The  view  that  the  acid  rocks  were,  as  a  whole,  older  thnn  the 
baBic  ones,  was  originally  put  forward  by  Prof.  J.  D.  Forbes  and 
Dr.  P.  Zirkel,  and  is  supported  by  the  memoir  of  1874.  Dr.  Geikie 
admits  that,  around  several  of  the  centres  indicated,  basalts  may 
frequently  be  seen  resting  on  more  acid  rocks ;  but  the  latter  he 
regards  as  being,  in  every  case,  of  an  intrusive  character ;  he  also 
allows  that  the  tufifs  intercalated  with  the  basalts  often  contain 
fragments  of  felsite,  but  he  does  not  accept  this  as  a  proof  that  the 
felsites  must  have  been  erupted  before  the  basalts.  Much  of  the 
divergence  of  opinion  that  hns  arisen  appears,  however,  to  be  due  to 
the  circumstance  that  Dr.  Geikie  classes  as  basalt  many  of  the  dark- 
coloured  lavas  (augite-andesites,  etc.),  which  were,  in  the  original 
paper,  grouped  under  the  name  of  '*  felstones."  In  these  "  felstones  " 
the  granites  and  gabbros  alike  were  shown  to  be  intrusive  ;  and  it 
was  also  admitted  that  there  were  many  intrusions  of  acid  rocks  of 
later  date  than  both  the  '*  felstones  "  and  tlie  basaltic  lavas. 

With  respect  to  the  existence  of  great  volcanoes  in  the  district. 
Dr.  Geikie,  while  confirming  most  of  the  statements  which  were 
made  in  1874  as  to  the  several  centres  of  ernption,  prefers  to  refer 
the  origin  of  the  great  plateaux  of  basaltic  lava  to  "fissure- 
eruptions."  He  maintains  tliat  the  numerous  basic  dykes  of  the 
district  mark  the  actual  cracks  through  which  the  lavas  in  question 
rose  up  and  welled  out  at  the  surface. 

In  opposition  to  this  view,  it  was  pointed  out  that  the  numbers 
and  dimensions  of  the  Tertiary  dykes  are  not  such  as  would  warrant 
us  in  inferring  that  they  formed  the  conduits  through  which  the 
enormous  masses  of  lava  forming  the  plateaux  wei*e  erupted;  and 
the  absence  of  all  proofs  of  contact-metatnorphism  at  their  sides,  and 
of  evidence  that  the  majority  of  them  ever  reached  the  surface  at  all, 
was  commented  upon.  In  1874  it  was  pointed  out  that  some  of 
these  dykes  appeared  to  mark  the  radial  fissures  on  which  sporadic 
cones  (**  puys  ")  were  thrown  up,  after  the  great  central  volcanoes 
became  extinct ;  and  this  view  is  supported  by  the  circumstance  of 
the  close  analogies  between  the  materials  erupted  at  this  later  period, 
and  the  rocks  which  constitute  some  of  the  undoubtedly  Post- 
Mesozoic  dykes. 

Dr.  Geikie  supports  his  view  that  the  plateau-basalts  of  the 
Western  Isles  of  Scotland  and  of  Antrim  were  formed  by  "  fissure- 
eruptions,"  by  facts  which  he  noticed  in  the  Snake-Kiver  country, 
in  the  year  1879,  while  he  was  making  an  excursion  to  the  Yellow- 
stone Park,  and  also  by  observations  made  by  Captain  Dutton  in 
the  Grand  Canon  country,  in  Utah,  and  in  New  Mexico. 

With  respect  to  Dr.  Geikie's  own  observations,  it  was  pointed  out 
that  geologists  who  have  had  more  time  and  opportunity  for  the 
detailed  study  of  the  district  in  question,  like  Captain  Reynolds, 
Dr.  Hay  den,  and  Mr.  Clarence  King,  all  agree  that  there  is  abundant 
evidence  of  ordinary  volcanic  action  having  occurred  in  the  Snake- 
River  country  ;  and  the  last-mentioned  author  distinctly  points  out 
the  great  paucity  of  dykes,  and  the  absence  of  any  evidence  of  the 
existence  of  fissures  such  as  those  from  which  '*  fissure-eruptions  " 
are  supposed  to  have  taken  place. 
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Captain  Dutton,  althougb  originally  inolined  to  refer  the  lava- 
fields  of  the  Western  Q'erritorieH  of  the  United  States  to  *'  fissure- 
eruptions,"  has,  since  his  visit  to  Mauna  Loa,  and  his  study  of  the 
floods  of  basalt  that  have  flowed  from  that  volcano,  very  candidly 
confessed  that,  in  view  of  these  later  observations,  he  is  no  longer 
prepared  to  maintain  his  original  position. 

If  the  effusive  action  taking  place  at  many  voloanoes  be  rightly 
understood  and  appreciated — and  the  recent  very  interesting  re- 
searches of  Prof.  J.  D.  Dana  in  the  Sandwich  Islands  have  thrown 
much  new  and  important  light  on  this  subject — the  theory  of 
'*  fissure-eruption  "  will  be  found  to  be  as  unnecessary  as  it  is  vague. 
Kt  some  volcanic  centres  there  is  a  preponderance  of  explosive 
action  ;  at  others  the  mtdn  result  consists  in  the  extrusion  of  lava- 
currenta  ;  while  in  most  cases  we  find  a  combination  of  both  kinds 
of  action.  Ilie  Tertiary  volcanoes  of  Scotland,  like  the  existing 
Tolcanoes  of  Iceland,  are  interesting  as  exhibiting  evidence  of  both 
the  effusive  and  the  explosive  action  on  the  very  grandest  scale. 


UNIFORMITY  IN  SCIENTIFIC  BIBLIOGRAPHY. 

Sir, — Mr.  Davison's  suggestion  in  the  Geological  Magazine  for 
January,  tliat  the  British  Association  should  appoint  a  committee 
for  securing  a  uniform  and  intelligible  system  of  quotation  of 
scientific  serials  is  a  very  good  one.  Experience,  however,  shows 
us  that  many  compilers,  from  carelessness  or  conceit,  do  not  trouble 
to  use  those  intelligible  abbreviations  which  are  employed  in  Biblio- 
graphic lists  already  published,  and  therefore,  not  seeing  the  necessity 
of  making  their  references  clear  to  those  outside  their  subject,  they 
possibly  may  not  take  any  notice  of  another  list,  even  though  it 
receive  the  authority  of  the  British  Association. 

Mr.  Davison  proposes  a  rearrangement  of  titles  of  serials,  which  is 
decidedly  open  to  very  serious  objections.  The  experience  of  those 
who  have  had  to  deal  with  large  libraries  and  bibliographic  work 
finds  that  it  is  misleading  and  disadvantageous  to  alter  the  plan  of 
the  title  or  use  any  other  than  that  on  the  title-page  of  the  volume. 
If  once  the  rearrangement  of  titles  be  permitted,  individual  idiosyn- 
crasies would  come  into  play,  and  we  should  have  the  same  serial  in 
two,  three,  or  more  disguises. 

Nor  can  we  take  the  place  of  meeting  as  a  guide  for  library  refer- 
ence ;  but  the  systematist  must  take  the  place  of  publication,  this 
being  the  method  at  all  large  libraries  and  in  all  the  best  catalogues. 

llie  best  plan  in  making  references  is  to  give  the  title  of  a  serial 
in  the  perfect  sequence  in  which  it  is  printed  on  the  title-page  of  the 
identical  volume  referred  to,  abbreviating  the  necessary  words  only, 
80  as  to  be  perfectly  intelligible  to  one  unacquainted  with  the  serial, 
and  give  the  name  of  the  place  of  meeting  in  full  (or  if,  as  is  often 
the  case,  no  place  is  mentioned,  it  is  as  well  to  insert  it  in  paren- 
thesis), add  the  place  of  publication  at  the  end  of  the  quotation,  and 
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the  reference  will  be  complete.  This  method*  followed  by  all  who 
have  dealt  with  the  subject  in  an  extensive  and  practical  way,  is 
found  to  be  the  only  one  that  will  work  satisfactorily. 

0.  Davibs  Shbrbobm. 


UNIFORMITY  IN  SCIENTIFIC  BIBLIOGRAPHY. 

Sib, — Concerning  the  manner  of  quoting  works  of  reference,  I 
also  have  to  make  complaint,  namely,  that  authors  sometimes  quote, 
as  if  it  were  a  complete  work,  a  paper  which  may  be  part  of  some 
larger  publication. 

Authors,  however,  are  not  always  to  blame  in  this  matter,  because 
it  arises  from  the  cause  upon  which  1  have  another  complaint, 
namely,  that  some  of  the  Societies  who  issue  Proceedings,  etc.,  often 
fail  to  state  on  the  **  Authors'  copies  *'  anything  at  all  concemiDg 
the  fact  that  the  papers  are  extracts  from  their  publications. 

Some  of  our  County  Field  Clubs  are  adepts  at  withholding  infor- 
mation. Sometimes  they  append  no  date  at  all  to  their  publications ; 
while  their  authors*  copies  suffer,  in  addition  to  the  omission  men* 
tioned,  from  absence  of  date,  absence  of  number  of  volume,  and 
changed  paging.  I  notice  that  even  the  Geological  Society  omits  to 
give  the  volume  number  upon  its  '*  authors*  copies." 

I  would  suggest  that  the  Council  of  the  Qeulogical  Society  first 
rectify  this  matter,  and  then  isHue  a  strongly- worded  circular  to 
every  Secretary  or  Editor  of  every  scientific  society  in  the  kingdom 
drawing  attention  to  these  omissions,  and  stating  what  is  required. 

Since  it  is  the  habit  of  some  booksellers  and  private  individuals  to 
break  up  odd  volumes  of  Proceedings  into  their  different  papers,  I 
would  suggest  that  it  is  also  recommended  that  these  data  l>e  printed 
at  the  heading  of  every  paper  in  every  volume  of  Proceedings  ;  at 
present  such  information  is  lost  if  one  happens  to  buy  the  parts  of 
volumes  so  treated. 

Date  of  papers, — I  cannot  agree  with  Mr.  Davison  (Geol.  Mao. 
Dec.  III.  Vol.  VI.  No.  I.  p.  48)  that  the  date  of  reading  be  taken  as 
the  date  of  a  paper.  A  new  species  must  date  from  the  time  when 
it  is  figured,  and  this  cannot  happen  until  the  publication  of  the 
volume.  If  authors*  copies  be  printed  in  advance,  they  should  be  so 
dated,  both  themselves  and  in  the  volume.  S.  S.  Buckman. 

Stonehoure,  Jan.  7,  1889. 


PROFESSOR    BLAKFS    *«MONIAN    SYSTEM." 

Sir, — Professor  Blake's  reply  to  my  "Notes**  on  his  "Monian 
System  '*  requires  a  few  brief  comments. 

Prof.  Blake  now  admits  the  presence  of  true  schists  as  derived 
fragments  in  the  Upper  ArchsBan  of  Anglesey ;  but  he  attempts  to 
neutralize  their  effect  by  alleging  examples  where  such  fragments 
occur  in  the  upper  part  of  the  formation  from  which  they  are 
derived.  He  says,  "  The  conglomerate  of  Bull  Bay  is  made  of  the 
underlying  quartz  rock.*'  But  he  has  to  prove  that  the  quartz  rook 
was  not  of  contemporaneous  origin,  if  the  cases  are  to  be  paralleL 
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The  schist  in  the  Llanfechell  Grit  is  not  of  volcanic  origin  tanqnam 
Bohiftt ;  it  must  have  originated  as  rook,  and  been  metamorphosed  into 
a  schist,  before  the  grit  was  deposited.  The  metamorphism  must 
have  taken  place  at  some  depth,  and  there  must  have  been  a  period 
of  denudation  previous  to  the  exposure  of  the  schist  at  the  surface. 
His  examples  of  the  conglomerates  of  Llangefni  and  some  of  the 
Bangor  beds  are  not  to  the  point ;  sinoe  the  fragments  derived  from 
the  associated  beds  are  volcanic,  and  contemporaneous  denudation  in 
volcanic  rocks  is  common  enough.  That  the  ''conglomerate  of 
Moel  Tryfaen  is  largely  composed  of  the  immediately  preceding 
Cambrian  slates "  I  dispute.  I  have  seen  this  conglomerate  on 
Llyn  Padarn,  and  I  followed  it  all  along  the  crest  of  Mynydd  y 
Cilgwyn,  but  not  a  bit  of  Cambrian  slate  did  I  find  in  it.  Dr. 
Hicks  studied  it  in  the  intermediate  ground  of  Moel  Tryfaen  with- 
out finding  slate.  I  therefore  venture  to  reject  all  Prof.  Blake's 
supposed  parallel  cases,  and  I  call  upon  him  to  prove  that  a  true 
crystalline  schist  could  have  been  included  as  a  derived  fragment  in 
a  (roughly)  contemporaneous  sedimentary  formation. 

As  to  Llyn  Trefwll,  I  am  quite  aware  that  a  large  part  of  the 
ridge  close  to  ray  sections  consists  of  basic  igneous  rocks;  but  as 
they  had  no  bearing  upon  my  work,  I  have  not  referred  to  them. 
The  rock  in  nitti^  which  Prof.  Blake  now  admits  is  a  true  slate,  on  the 
authority  of  Prof.  Bonney,  contains  rounded  pebbles  of  the  adjacent 
granite ;  and  Prof.  Blake  has  no  right  to  say  either  that  I  mistook 
diabase  for  slate,  or  that  I  sent  to  Prof.  Bonney  certain  derived 
fragments  in  mistake  for  rock  in  situ, 

I  am  sorry  the  two  examples  of  a  supposed  passage  between  the 
''  lower  and  upper  groups,"  which  I  selected  because  they  happened 
to  turn  up  firsts  prove  to  be  bad  ones.  Perhaps  Prof.  Blake  would 
consider  his  succession  in  the  northern  area  more  satisfactory.  If 
80,  I  do  not  think  he  will  mend  matters.  He  makes  the  Llanfechell 
Grit  to  overlie  the  schists  of  Mynydd  Mechell ;  but  there  is  more 
reason  to  believe  that  they  are  one  and  the  same  set  of  beds  in 
different  stages  of  alteration. 

Prof.  Blake  has  disappointed  me.  I  asked  for  particulars  of  the 
fauna  by  whose  aid  he  correlated  the  Longmyndian  with  the  Bray 
Head  Series,  and  he  refers  me  to  Arenicoliiea  didyma  I  I  supposed  I 
must  have  overlooked  some  important  palaaontological  discovery; 
but  no,  our  familiar  little  friend  turns  up  in  immortal  bloom  I  I 
respect  ArenicoliteB  for  its  antiquity,  but  as  a  time  indicator  it  is 
worthless. 

The  "  Malvemian "  rocks,  which  I  said  were  included  by  Prof. 
Blake  in  his  '*  Middle  Monian,"  are  called  by  him  "the  granites  and 
altered  rooks  of  Primrose  Hill."  I  do  not  think  any  one  who  knows 
the  region  disputes  that  these  masses  are  approximately  of  Malvernian 
age. 

Prof.  Blake  dwells  upon  the  consequences  of  my  acceptance  of  the 
igneous  origin  of  the  hornblende  schists.  I  stated  those  consequences 
unreservedly,  in  my  "  Notes."  and  I  do  not  feel  a  bit  ashamed  that  I 
worked  on  the  accepted  principles  of  our  science,  and  was  not  able 
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to  penetrate  the  *'  dim  and  distant  future."  My  deBcriptions  of  the 
older  ArchaBan  rooks  and  their  distribution  are  not  materially  afifected 
by  the  theory  of  mechanioal  metaraorphism ;  but  we  must  of  course 
cease  to  construct  time-series  out  of  them.  Alas!  how  many  a 
stately  time-edifioe  goes  down  before  the  blows  of  those  gods  of 
the  hammer,  Lehmaun  and  Lapworth  I  Ch«  Callaway. 


THE    SERPENTINE    OF    THE    LIZARD. 

Sib, — Would  you  kindly  allow  me  to  reply  to  the  letter  of  Prof. 
Bonney  in  your  January  issue  on  the  above  subject  regarding  my 
alleged  **  two  slight  enors." 

1.  I  think  the  Professor's  mind  has  very  naturally  (perhaps 
without  reference  to  the  map)  reverted  to  the  south  end  of  the 
Pentreath  Beach,  where  the  hornblende  schist  occurs  in  conjunction 
with  the  serpentine,  which  he  has  so  ably  and  minutely  described ; 
but  the  dyke  in  question  is  at  the  north,  or  Eynance  end,  near  a 
large  exposure  of  banded  gneissio  rocks  forming  the  foreshore  of 
HolestraWf  similar  to  what  occurs  in  many  other  localities  described 
by  the  Professor  as  **  granulitic,"  as  at  Caerleon  and  Eennack,  at 
the  west  end  of  which  latter  Cove  the  dykes  cutting  the  serpentine 
are  seen  to  coalesce  with  the  '*  granulitic "  rocks  forming  the 
foreshore. 

2.  For  my  own  part  I  know  of  no  "  granulitic  gi'oup  "  in  the 
whole  area  with  igneous  rocks  involved  or  included  in  it,  but  a 
group  of  rocks  to  which  the  term  "  granulitic  "  might  be  applied, 
which  every  evidence  seems  to  point  at  as  having  a  common  igneous 
origin,  although  differing  widely  from  each  other ;  neither  do  I  know 
any  separation  between  these  and  the  hornblende  schists  save  in  the 
extremes  of  their  compositions,  both  of  which  are  frequently  mingled 
together  in  the  same  dykes. 

I  quite  agree  and  deeply  feel  with  Prof.  Bonney  the  very  great 
difficulties  connected  with  kome  of  these  Lizard  rocks,  such  as  the 
explanation  of  the  banded  gneissio  series  which  has  been  so  philo- 
sophically dealt  with  by  Mr.  Teall ;  and  it  was  for  this  very  reason 
that  I  ventured  my  short  communication  on  the  dyke  and  its  lessons, 
in  the  hope  that  it  might  throw  some  little  additional  light  on  these 
.  gneissio  and  other  rocks,  which  I  have  always  regarded  as  presenting 
very  much  that  is  problematia  Alex.  Somkrvail. 

69,  Flbst  Stbbbt,  Torquay,  Jan,  9th,  1889. 
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Addrnda. — In  the  section  illustrating  Pi-of.  Hughes'  paper,  Geol. 
Mag.  Jan.  1889,  p.  9,  the  asterisk  indicating  the  third  fossil  locality 
mentioned  in  the  text  has  been  omitted.  The  spot  referred  to  is 
immediately  under  the  Bronllwyd  Grit,  vertically  below  the  Y  of 
that  word  on  the  diagram. 
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I. — On  ▲  New  Spbcies  of  Diptbrus. 

By  Dr.  E.  H.  Traquaib,  F.R.S.,  F.G.8. 

(PLATE  II.) 

FHOM   the   Old    Red    Sandstone  of  Caithness,   four  species  of 
DipteruB  were  originally  named  by  Sedgwiok  and  Murohison,' 
those  being  as  follows : — 

1.  Dipterus  hraehypffgopierus,  anal  fin  short 

2.  JD.  macropygopterua,  anal  fin  long. 

3.  JD.  VaUneiennem,  small  in  size,  narrow  in  shape. 

4.  D.  maerolepidotuBf  not  characterized  although  figured. 

It  is  evident  from  the  figures  of  "  JD.  macrolepidotus  "  that  it  does 
not  belong  to  the  same  genus,  even  to  the  same  family,  as  the 
other  forms.  Those  have  circular  scales,  whereas  in  "maerolept" 
dotua"  the  scales  are  rhombic,  and  the  head  bones  are  clearly  seen 
to  be  very  different  from  those  of  Dipterus. 

Nevertheless  all  the  four  '*  species  "  were  reunited  by  Agassiz' 
into  one,  for  which  the  name  "  macrolepidotus  "  was  adopted,  in  the 
belief  that  the  rhombic  scales  of  that  form  were  normal  for  the 
genus,  and  that  their  circular  appear^ce  in  the  others  was  due  to 
wearing. 

McCoy,  however,  correctly  recognized  the  circular  contour  of  the 
scales  in  the  tnie  Dipterx^  and  rightly  refused  to  recognize  "  macro- 
kpidotu8  '*  as  the  type  of  the  genus,  or  as  a  Dipierus  at  all,  and  in 
fact  proposed  to  transfer  it  to  Diphpteru8^  The  other  species 
proposed  by  Sedgwick  and  Murchison  he  restored  to  independence. 

In  his  "Footprints  of  the  Creator,"  Hugh  Miller  showed  that 
Agassiz's  Folyphraetus  platycephalus  was  the  head  of  a  Dtpterus,* 
and  not  a  Placoderm,  but  he  did  not  seek  to  identify  it  with  any 
previously  described  species. 

Pander  *  of  course  confirmed  McCoy's  statement  that  D.  macrolepi- 
dotuB,  of  Sedgwick  and  Murchison,  was  not  a  Dipierus  at  all,  but  he 
reverts  to  Agassiz's  idea  as  regards  the  three  other  reputed  species. 
He  united  ^em  again  into  one,  for  which  he  preferred  the  name 

>  Trans.  Geol.  Soc.  2nd  aer.  toI.  iii.  p.  143,  tab.  16-17,  1829. 
'  Rccherches  Poissons  Fom.  Tome  i.  1885-43,  p.  115.  , 

*  Brit.  Pal.  Foss.  Fasc.  iii.  1866,  pp.  690-592.     I  have  made  "maeroiepidotua*^ 
the  type  of  mj  new  genus  Thur$iu9,  Geol.  Mao.  November,  1^88. 

*  1861  Edition,  p.  67. 

*  Pander  (Dr.  C.   H.)  u.  d.  Ctenodipterinen  d.   Devonischen  Syst.  1858,   St. 
Petenbnrg,  pp.  1-32. 
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Vdleneieimemt  in  order  that  the  hoDoor  which  the  proposers  of  that 
name  wished  to  confer  on  the  distinguished  French  iohthyologist 
might  not  thereby  be  lost.  As  he  also  constantly  uses  the  name  D. 
** platycephcUus"  it  would  appear  that  he  considered  these  large 
crania  also  to  constitute  a  distinct  species. 

After  a  careful  examination  of  a  very  large  number  of  specimens, 
including  Sedgwick  and  Murcbison's  original  types,  in  tbe  Museum 
of  tbe  Geological  Society,  I  have  come  to  the  same  conclusion  as 
Pander,  namely,  that  tbe  species,  hrachypygopteruB,  macropygapterui, 
and  Valencteimesii  are  one.  In  the  original  type-specimens  the 
apparent  difference  in  the  size  of  the  anal  fin  in  tbe  first  two  reputed 
species  is  certainly  due  to  tbe  mode  in  which  tbe  specimens  have 
been  crushed,  and  as  to  Valenciennesii,  I  can  only  recognize  in  it  a 
young  example  of  tbe  same  common  species.  In  tbe  same  way  the 
adult  condition  of  this  species  is  to  my  mind  represented  by  the 
large  heads  whicb  have  been  called  '* platycephaltis.^* 

If  we  follow,  with  absolute  strictness,  tbe  rules  of  the  British 
Association  in  adopting  tbe  first  of  tbe  specific  names  given  by 
Sedgwick  and  Murcbison,  then  we  shall  be  compelled  to  use  the 
very  inappropriate  one  of  "  hrachypygoptenu"  as  well  as  to  deprive 
tbe  name  of  Valenciennes  of  tbe  homage  which  tbe  discoverers  of 
those  fishes  wished  to  offer  to  it  I  hope,  therefore,  that  tbe  scientific 
world  will  grant  an  indulgence  to  Pander's  view,  and  allow  the 
name  Diptenu  Valenciennesii  to  stand  for  tbe  species  in  question. 

JD.  Vcdenciennesii  is  very  characteristic  of  tbe  Lower  Old  Bed 
Sandstone  of  Banniskirk  and  Thurso,  but  it  occurs  also  in  tbe  fish 
beds  of  the  shores  of  tbe  Moray  Firth,  as  at  Cromarty  (Hugh  Miller 
Collection) ;  Lethen  (Museum  of  Science  and  Art) ;  Naimside  near 
Inverness  (Wallace) ;  Tynet  (Collection  of  Rev.  Mr.  Kyle  at 
Presbolm,  Banffshire). 

Another  and  very  distinct  species  occurs,  however,  at  John 
O'Groats,  where  it  was  discovered  by  tbe  late  Mr.  C.  W.  Peach  in 
tbe  same  beds  which  yielded  Trtstichopterus  alatus.  Eg.,  and  Micro* 
brachitia  Dickii  (Peach).  It  is  mentioned  in  Dr.  A.  Geikie's  list  of 
Old  Bed  Fishes,*  and  has  been  very  briefly  characterized  by  myself 
in  a  recent  number  of  tbe  Geological  Magazine,  where  I  proposed 
for  it  tbe  name  of  Dipterus  macroptenis?  In  tbe  present  communica- 
tion I  propose  to  give  a  somewhat  more  detailed  description  of  this 
interesting  form,  accompanied  by  tbe  figures  on  Plate  II. 

Ordinarily  at  least  this  species  does  not  seem  to  have  attained 
any  great  dimensions,  as  tbe  specimens  in  tbe  Edinburgh  Museum 
average  about  six  inches  in  length.  In  general  form  (Fig.  1)  it 
resembles  D.  Vcdenciennesii,  and  tbe  osteology  of  tbe  head  appears 
to  be  similar,  though  I  have  not  found  tbe  ctenodont  plates  preserved 
in  any  instance.  In  Fig.  2  tbe  outlines  of  tbe  plates  of  tbe  posterior 
part  of  tbe  cranial  buckler  are  given,  from  which  it  appears  that 
they  are  rather  shorter  and  broader  than  tbe  corresponding  plates  in 
D,  Valenciennesiif  and  there  is  an  absence  of  the  small  plate  which  in 

*  Trans.  Royal  Soc.  Edin.  vol.  xxviii.  p.  452.. 
'  Gbol.  Mao.  for  Noyember,  1888. 
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^t  species  is  intercalated  at  the  inner  angles  of  the  four  plates 

in  front  of  the  median  oooipitaL    Fig.  3  represents  the  broad  rounded 

operoalum.     The  scales  seem  to  be  very  thin,  so  muoh  so  that  the 

internal  skeleton  is  often  seen  through  them,  the  axis  being  noto- 

ohordal,  and  well-developed  ribs  being  present.    The  leading  feature 

of  the  species  is  seen  in  the  form  of  the  second  dorsal  fin,  which 

has  its  base  proportionally  nearly  twice  as  long  as  in  2).  Valencienneaii, 

while  the  shape  of  the  fin,  instead  of  being  triangular-acuminate,  is 

broad  and  oblong-rounded,  the  posterior  rays  being  nearly  as  long 

as  the   anterior  ones.     Both  pectoral  and  ventral  fins  are  as   in 

D.    Valeneiennssii   "  arohipterygian "    in    their    conformation,    the 

pectoral  being  reprectonted  in  Fig.  4.    The  first  dorsal  and  the  anal 

are  narrow- lanceolate,  the  heterocercal  caudal  is  triangular,  and  not 

bifurcated. 

EXPLANATION    OF    PLATE  IL 

Fig.  1.    Dipterua  maeropUrus,  Traquair,  natural  size.    From  the  Lower  Old 

Red  Sandstone,  John  0' Groats,  Caithness. 
Fig.  2.    Outline  of  posterior  cranial  plates,  from  another  specimen. 
Fig.  3.    Operculum. 
Fig.  4.    Pectoral  fin  and  shoulder  girdle. 
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OF  America.^ 
By  Professor  0.  C.  Mabsh,  Ph.D.,  LL.D.,  F.G.S. 

(PLATE  IV.) 

THE  largest  mammals  of  the  American  Miocene  were  the  huge 
BrorUotherida,  which  lived  in  great  numbers  on  the  eastern 
flanks  of  the  Rocky  Mountains,  and  were  entombed  in  the  fresh- 
water lakes  of  that  region.  They  were  larger  than  the  Dinocerata 
of  the  Eocene,  and  nearly  equalled  in  size  the  existing  Elephant. 
They  constitute  a  distinct  family  of  Perissodactyles,  and  were  more 
nearly  allied  to  the  Rhinoceros  than  to  any  other  living  forms. 

The  deposits  in  which  their  remains  are  found  have  been  called 
by  the  author  the  Bron  to  thorium  beds.  They  form  a  well-marked 
horizon  at  the  base  of  the  Miocene.  These  deposits  are  several 
hundred  feet  in  thickness,  and  may  be  separated  into  different  sub- 
divisions, each  marked  by  distinct  genera  or  species  of  these  gigantic 
mammals. 

The  anther  has  made  extensive  explorations  of  these  Miocene 
lake-basins,  and  has  secured  the  remains  of  several  hundred 
individuals  of  the  BrontotheridcBf  which  will  be  fully  described  in 
a  monograph,  now  well  advanced  towards  completion,  to  be  published 
by  the  United  States  Geological  Survey.  The  atlas  of  sixty  litho- 
graphic plates  is  already  printed,  and  the  author  submitted  a  copy 
to  the  Section.  The  last  plate  of  this  volume  is  devoted  to  a  restora- 
tion of  Brontops  rohustus,  one-seventh  natural  size,  and  a  diagram 
enlarged  from  this  plate  to  natural  size  was  also  exhibited.^ 

^  Abstract  of  a  paper  read  before  Section  D  of  the  British  Association  for  the 
Adyancement  of  Science,  at  the  Bath  meeting,  Sept.  7th,  1888. 

'  The  present  Plate  (lY.),  one  twenty-fourth  natural  size,  shows  a  reduced  copy 
of  the  flame  rettoratiDn. 
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The  skeleton  lepreBented  in  this  restoration  is  by  far  the  most 
complete  of  any  of  the  group  yet  disoovered.  It  was  foand  by  the 
author  in  Dakota,  in  1874,  and  portions  of  it  have  been  ezhnmed 
at  different  times  since,  some  of  the  feet  bones  having  been  recovered 
daring  the  past  year.  It  is  a  typical  example  of  the  family,  and 
shows  well  the  characteristic  features  of  the  genus  and  species  which 
it  represents. 

The  most  striking  feature  of  the  restoration  here  given,  aside  from 
the  great  size  of  l£e  animal,  is  the  skulL  This  is  surmounted  in 
front  by  a  pair  of  massive  prominences,  or  horn-cores,  which  are 
situated  mainly  on  the  frontal  bones.  The  nasals  contribute  some- 
what to  their  base,  in  front,  and  the  maxillaries  support  the  outer 
face.  These  elevations,  or  hom-oores,  vary  mudi  in  sise  and  shape 
in  the  different  genera  and  species.  They  are  always  very  small  in 
the  females. 

The  general  form  of  the  skull  and  lower  jaw  is  well  shown  in  the 
figure.  The  prominent  occipital  crest,  the  widely-expanded  zygo- 
matic arches,  and  the  projecting  angle  of  the  lower  jaw,  are  all 
characteristic  features.  In  general  shape,  the  skull  resembles  that 
of  Brontotheriumf  but  may  be  readily  distinguished  firom  it  by  the 
dental  formula,  which  is  as  follows : — 

Incisors  f ;  canines  \;  premolars  };  molars  f. 

The  presence  of  four  premolars  in  each  ramus  of  the  lower  jaw  is 
a  distinctive  feature  in  this  genus.  This  character,  with  the  single, 
well-developed  lower  incisor,  marks  both  the  known  species. 

The  number  of  teeth  varies  in  the  different  genera.  The  form  of 
the  teeth,  especially  in  the  molar  series,  is  more  like  that  in  CkaU^ 
cotherium  and  Diplaeodon  than  in  any  other  known  forms.  Tl^ 
teeth  in  the  allied  genus  Brontotherium  have  already  been  figured 
and  described  by  the  author. 

The  vertebrsB  are  somewhat  similar  to  those  of  the  existing 
Khinoceros.  In  the  present  genus,  Brontopa,  the  neural  spines  of 
the  dorsal  vertebrsd  are  elevated  and  massive.  There  are  four  sacral 
vertebrse  in  this  genus,  and  in  the  known  species  the  tail  is  short 
and  slender,  as  in  the  individual  here  described. 

The  ribs  are  strong  and  massive.  The  sternal  bones  are  com- 
pressed transversely.  The  exact  form  of  the  first  one  is  not  known 
with  certainty,  and  is  here  restored  from  the  Rhinoceros.  This  is 
the  only  important  point  left  undetermined  in  the  restoration. 

The  fore  limbs  are  especially  robust  The  humerus  has  its  tuber- 
osities and  ridges  very  strongly  developed,  and  the  radius  and  ulna 
have  their  axes  nearly  parallel.  There  are  four  well-developed 
digits  in  the  man  us,  the  first  being  entirely  wanting. 

The  pelvis  is  very  wide  and  transversely  expanded,  as  in  the 
Elephant  The  femur  is  long,  and  has  the  third  trochanter  rudi- 
mentary. The  tibia  and  fibula  are  quite  short  The  calcaneum  is 
very  long,  and  the  astragalus  is  grooved  above.  There  are  only 
three  digits  in  the  pes,  the  first  and  fifth  having  entirely  disappeared. 

Diplaeodon  of  the  Upper  Eocene  is  clearly  an  immediate  ancestor 
of  the  BrontotheridcB,  while  Palaoayopa  and  Limnphyw  of  the  Middle 
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Eocene  aie  on  the  more  remote  anoestral  line.  The  iiearest  related 
European  form  is  the  Miooene  ChaUeotkerium,  No  'deicttndants  of 
the  Broi^toiherxdts  are  known. 

Menodus^  Megcteeropa,  Brontoiherium^Symborodon^  MenopSy^^ianopSf 
and  AUops^  all  belong  to  the  fEunily  Broniothertda,  and  their  rM&tion 
to  the  genns  here  deaoribed,  and  to  each  other,  will  be  fully  diB- 

CDsaed  in  the  monograph,  to  which  reference  has  already  been  made. ' 

^^^-— ^.— ^.^^^^_^— _— ^  * 

in. — ^NoTxa  on  Ai/iK&Eo  Ionxous  Books  of  Timtaoxl^  North  * 

Cornwall. 

ByW.  Matnabd  Hutokikos,  Esq. 

{Continued  from  paff$  69.) 

COMINO  along  the  cliffs  from  Boscastle  towards  Tintagel,  at  the 
part  just  seawards  of  the  village  of  Trevalga,  and  between  the 
outlying  rocks  known  as  "  Short  Island  "  and  ^'Loug  Island,"  we  see 
one  or  two  limited  outcrops  of  a  schistose  rock  different  from  the 
surrounding  slates,  shales,  etc.  A  thoroughly  good  sight  of  it  is  not, 
however,  obtained  till  we  reach  the  extreme  north  side  of  Bossiney 
Cove,  a  little  way  south  of  Long  Island,  when  a  very  fine  exposure 
of  the  sheet  in  question  is  observed,  lying  in  among  the  sedimentary 
rocks,  sharply  marked  off  from  them  at  contact,  so  that  the  junction- 
lines  oan  be  seen  distinctly  even  from  some  distance. 

It  dips  seawards  in  the  cliff,  and  a  very  little  way  inland  it  rises 
to  the  surface  and  ends  abruptly  in  an  escarpment  facing  towards 
Trevalga.  To  the  north,  towanis  Boscastle,  the  sheet  disappears  and 
passes  away  under  the  quarries  in  the  cliffs  opposite  the  Growar 
rock.  Going  southwards  it  is  not  seen  anywhere  in  the  cliffs  at  the 
back  of  Bossiney  Cove^  which  has  been  eroded  through  it;  but  at 
the  south  side  of  the  Cove  a  section  of  it  is  again  seen,  similar  to  the 
one  at  the  north  side,  the  corresponding  inland  escarpment,  on  a 
larger  scale,  facing  towards  the  village  of  Bossiney.  The  distance 
across  the  Gove  in  a  straight  line  is  nearly  exactly  a  mile. 

Passing  through  the  neck  of  land  which  separates  Bossiney  Cove 
from  the  little  cove  next  following  it,  the  sheet  is  again  exposed 
along  the  shore,  here  dipping  steeply  into  the  sea.  The  configura- 
tion of  the  land  does  not  here  lead  to  the  formation  of  a  prominent 
escarpment  looking  inland,  but  a  small  outcrop  is  seen  here  and 
there  towards  the  village  of  Trevena  (or  Tintagel  as  it  is  called). 

The  sheet  now  disappears; — the  mass  of  sedimentary  rocks  in 
which  are  the  slate-quarries  on  the  church  glebe,  curving  seawards, 
covers  it  up  in  the  cliffs,  and  there  is  no  valley  or  broken  ground  to 
cause  an  exposure  of  it  inland.  It  is  thus  hidden  for  a  distance  of 
rather  over  a  mile  and  a  quarter.  Supposing  it  to  be  continuous,  it 
is  again  seen  at  the  north  end  of  Trebarwith  Strand,  where  it  rises 
from  beneath  the  slate-quarries  and  continues  along  in  one  uninter- 
mpted  exposure  in  the  cliffs  right  away  to  the  south  end,  a  distance 
of  three  quarters  of  a  mile.  That  what  is  seen  at  Trebarwith  is 
really  a  direct  continuation  of  what  is  seen  at  Bossiney  Cove  seems 
very  little. open  to  question.  The  direction  of  strike,  position  with 
regard  to  the  alates,  mode  of  ooourrence,  thickness  and  gonst^ 
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Birnotare  and-joomposition,  all  appear  to  affirm  it  In  the  Trebarwith 
cliffs  it  ia'dgatn  dipping  steeply  towards  the  sea.  The  upper  few 
yards  of*  it  only  are  seen,  the  deeper  portions  underlying  the  beadu 
For  a^gfeal  part  of  the  distance,  and  indeed  wherever  the  rooks  have 
not-beerr  disturbed  by  falls  of  cliff  and  landslips,  the  contact  with 
the.oferlying  sedimentary  rocks  is  very  sharply  defined. 
^  At  the  south  end  of  the  Strand  the  sheet  disappears  under  the 
sedimentaiy  rocks  of  Dennys  Point,  and  so  far  as  I  am  aware,  it  does 
-not  show  again  in  the  cliffs  going  southwards;  certainly  not  for 
some  three  miles  or  so  examined  by  me  wherever  accessible. 
Whether  or  not  it  has  any  connection  with  the  igneous  rocks  near 
Port  Isaac  I  do  not  know. 

Near  the  south  end  of  the  Strand  a  valley,  with  a  road,  cones 
down  to  the  shore.  A  little  way  up  this  road  good  sections  of  the 
entire  thickness  of  the  sheet  are  obtained,  near  the  little  village  of 
Trenow  and  on  the  opposite  side  of  the  valley.  It  here  again  forms 
escarpments  in  which  its  upper  and  lower  contacts  with  shales  are 
sharply  defined,  and  is  again  cut  off  abruptly  as  at  Bossiney. 

We  can  thus  trace  this  sheet  of  rock,  from  north  to  south,  for  31 
miles.  Its  thickness  may,  on  a  rough  average,  vary  from  70  to  100 
feet.  It  doubtless  originally  continued  sonie  distance  inland.  De 
la  Beche  speaks  of  some  parts  of  it  (the  northern)  as  connected  with 
rocks  several  miles  away,  so  that  it  evidently  formed  part  of  a  very 
considerable  igneous  mass,  which  was  older  than  any  of  the  rocks 
already  noticed. 

Considered  petrologically  this  occurrence  is  very  interesting. 
Macroscopically,  the  chief  observable  components  are  green  chloritic 
minerals  and  calcite.  At  some  points  micas  more  or  less  replace  the 
chlorite.  Pyrites  and  magnetite  are  seen  in  varying  amounts,  and  at 
some  parts  epidote  crystals  in  plenty  may  be  noticed  with  the  naked 
eye.  Foliation  is  highly  developed  throughout,  always  coinciding  with 
the  cleavage  of  the  slates  and  shales  above  and  below.  The  texture 
of  this  foliation  varies  in  every  degree,  from  a  fissility  almost  equal  to 
that  of  a  slate  to  a  series  of  bands  or  layers  of  considerable  thickness. 

Both  texture  and  mineralogical  composition  vary  so  much  at 
different  points  that  it  would  be  equally  useless  either  to  attempt  to 
give  one  description  that  should  apply  to  the  whole  of  the  sheet,  or 
to  give  detailed  accounts  of  all  of  the  series  of  sections  I  have  ex- 
amined from  different  parts.  A  better  general  idea  will  be  conveyed 
by  picking  out  and  describing  a  few  of  the  most  strikingly  charac- 
teristic examples. 

At  several  places  the  rock  is  seen  to  be  very  coarsely  laminated, 
layers  of  comparatively  soft  chloritic  or  micaceous  material  alter- 
nating with  others  of  a  hard,  compact,  non-foliated  stony  substance. 
This  is  seen  most  strongly  exemplified  towards  the  south  part  of 
Trebarwith  Strand,  where  the  layers  of  the  stony  material  are  as 
much  as  1^  to  2  inches  thick  in  some  cases,  the  softer  layers  being 
rather  less.  A  serrated  form  results  from  weathering  at  these  parts 
of  the  cliffs,  the  soft  layers  wasting  away  and  leaving  the  hard  ones 
projecting. 
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Where  this  CK>ar8e  lamination  is  most  developed  it  would  almost 
lead  one  to  helieve  that  it  represented  an  original  stratification,  or 
hedding,  of  different  materials ;  hut  this  impression  is  much  weakened 
hy  the  fact  that  this  coarsest  structure  can  he  traced,  in  a  short 
distance,  passing  gradually  into  finer  and  finer  foliation,  and  finally 
into  rock  in  which  the  chloritic  and  stony  materials  are  so  closely 
interwoven,  so  to  speak,  as  to  he  no  longer  separahle  hy  eye  or  lens. 

The  material  of  the  hard  layers  is  of  a  slightly  hluish-grey  colour. 
It  sometimes  contains  numerous  crystals  of  magnetite,  hut  heyond 
this  and  occasional  grains  of  calcite  no  separate  minerals  can  he 
made  out  with  a  lens.  It  effervesces  so  hriskly  with  acid  that  this, 
and  its  appearance,  might  easily  cause  it  to  he  set  down  as  calcite, 
hut  its  hardness  and  the  fact  that  fragments  do  not  dissolve,  nor 
even  disintegrate,  in  acid,  show  that  its  main  component  is  not  calcitic. 

Portions  of  contiguous,  very  coarse,  hard  and  soft  layers  were  sub- 
mitted to  microscopic  examination,  and  a  description  of  them  is  in- 
teresting, not  simply  as  hearing  on  this  special  form  of  occurrence, 
but  also  because,  with  slight  modifications,  a  more  or  less  intimate 
mixture  of  these  two  materials  makes  up  a  great  part  of  the  entire 
sheet  of  rock. 

The  material  of  the  hard  layers  may  be  best  described  by  saying 
that  grains  of  calcite,  and  grains  and  more  or  less  imperfect  crystals 
of  felspar,  are  set  in  what  may  for  convenience  be  called  a  sort  of 
"  ground-mass  "  of  felspar,  chlorite,  small  grains  of  calcite,  muscovite 
flakes,  and  quartz,  with  much  iron  ore. 

The  larger  bits  of  felspar  are  mostly  of  quite  indefinite  and 
rounded  outlines,  though  a  few  of  them  show  a  certain  amount  of 
regular  shapes.  Some  of  them  show  well-developed  cleavage,  but 
twinning  is  so  rare  as  to  be  practically  absent  All  are  quite  water- 
clear,  but  are  more  or  less  full  of  minute  flakes  of  muscovite. 

In  the  "  ground-mass "  felspar  very  much  predominates.  Its 
degree  of  intermixture  with  the  other  materials  varies,  so  that  at 
some  parts  of  a  slide  the  whole  forms  a  very  fine-grained  mosaic, 
while  at  others  it  is  much  more  coarsely  compounded.  Grains  of 
felspar  of  ample  size  to  permit  of  optic  tests  for  its  discrimination 
from  quartz  are  plentifully  dispersed  throughout  It  is  all  brilliantly 
water-clear,  and  no  sign  is  anywhere  seen  of  any  definite  forms,  nor 
of  any  twinning.  The  quartz  is  wholly  secondary,  and  is  rather 
irregularly  dispersed,  as  single  larger  grains  and  as  a  fine-grained 
mosaic,  either  alone  or  in  intermixture  with  felspar  and  chlorite. 
Flakes  of  musoovite  abound  throughout  the  entire  mass.  Sphene  is 
vary  plentiful  in  transparent  colourless  grains  and  as  rather  larger, 
brownish,  less  transparent  bits;  and  a  good  deal  of  leucoxene  is 
seen  in  various  stages  of  progress  to  granular  aggregates  of  sphene. 
A  little  rutile  is  present,  mainly  in  the  larger  bits  of  chlorite. 

Iron  ores  are  diffused  in  very  great  abundance  all  over  the 
sections.  Crystals  of  magnetite  predominate,  but  there  is  a  great 
deal  of  rounded,  crushed  and  quite  indefinite  form  down  to  almost 
a  powdery  condition.  Among  this,  small,  ragged,  flat,  thin,  plates 
nuiy  be  seen,  and  some  thicker  tabular  bits,  but  there  is  nothing 
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which  ooold  safely  be  set  down  as  ilmeDite,  unless  it  be  a  few  ex- 
tremely thin  flakes,  funtly  translucent,  with  brown  colour,  in  some 
of  which  sagenitic  rutile  is  visible.  These  appear  to  be  mioaoeom 
ilmenite.  It  may  be  as  well  to  remark  here  that  throughout  all  the 
sections  examined  from  this  sheet  of  rock,  magnetite  is  the  only  iron 
ore  which  can  be  specified  with  certainty.  Crystals  of  it  are  yery 
abundant,  and  it  is  seen  that  though  the  greater  part  of  it  wis 
formed  prior  to,  or  during,  the  foliation  of  the  rock,  much  has  also 
been  formed  since.  Much,  if  not  nearly  all,  of  the  rounded,  flat- 
tened and  totally  crushed  material  is  also  magnetite ;  the  deforma- 
tion of  crystals  under  pressure  and  movement  is  seen  in  various 
stages.  Larger  plates,  with  or  without  leucoxene,  which  could  he 
classified  as  ilmenite,  are  not  i^een  anywhere.  Tabular  fragments  of 
fair  size  occur  often  enough,  and  leucoxene  is  present  frequently 
with  them ;  but  this,  as  Mr.  Teall  points  out  (British  Petrography, 
p.  167),  is  not  enough  to  warrant  their  being  set  down  as  ilmenite^ 
because  the  same  result  might  be  equally  obtained  from  titaniferous 
magnetite  in  decomposition.  The  presence  in  the  rock  of  a  notice- 
able amount  of  leucoxene,  together  with  the  abundance  of  sphene 
and  rutile,  make  it  probable  that  ilmenite  was  originally  present  in 
considerable  quantity,  but  is  now  represented  mainly  by  alteration- 
products.  As  bearing  on  the  nature  of  the  original  material  of  this 
sheet  the  question  as  to  ilmenite  is,  of  course,  of  considerable  im- 
portance, and  I  have  looked  carefully  for  any  cases  of  its  definite 
occurrence. 

The  corresponding  soft  layer  does  not  really  differ  essentially  in 
nature  from  the  hard  layer.  The  chlorite  has  increased  much  in 
quantity  and  is  in  larger  pieces.  Muscovite  also  is  present  in  Jiarger 
amount  and  in  larger  flakes  and  crystals,  and  also  in  good-sized 
patches.  Calcite  is  less  in  quantity,  while  quartz  again  is  much 
increased.  For  the  rest,  there  is  the  same  ground-mass  of  felspar, 
chlorite,  etc.,  only  that  it  is  not  so  regularly  diffused.  There  are 
plenty  of  large  grains  of  water-clear  felspar,  and  several  bits  show 
more  or  less  of  twinning.  There  is  a  prevalence  of  very  intensely 
undulous  extinctions  in  the  felspars  and  quartz  grains,  due  to  great 
mechanical  stresses.  This  is  more  marked  here  than  in  any  other 
part  of  the  sheet  The  same  is  true  of  the  minerals  of  the  hard  layer, 
but  not  in  quite  so  great  a  degree.  The  iron  ores  are  very  much 
more  in  a  crushed  condition  here  too.  A  high  power  shows  the 
diffusion  of  minute  grains  and  crystals  of  rutile  all  through  the 
sections,  together  with  other  grains  and  microlites  which  aif 
indeterminable. 

Microscopic  study  of  these  layers,  therefore,  does  not  bear  out  the 
idea  that  they  are  connected  with  any  original  bedding  of  materials 
of  different  nature.  Much  as  they  now  differ  in  physical  condition 
and  general  appearance,  their  constitution  is  mineralogically  the 
same,  and,  it  is  an  interesting  question  as  to  how  this  local  separation 
into  bands  has  taken  place,  and  how  it  is  that  while  the  soft  layers 
are  highly  foliated  and  split  easily  into  thin  pieces,  the  hard  layers 
have  not  a  trace  of  such  ifoliation  or  cleavage. 
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From  tbe  miciosoopio  evidenoe  of  great  etresB  in  some  of  the 
minerals  of  both  layers,  it  seems  safe  to  conolude  that  both  have 
been  alike  subjected  to  the  pressure  and  movements  which  caused 
tbe  foliation  of  the  entire  sheet,  and  that  their  separation  is  thus  not 
due  to  any  subsequent  causes.  And  if,  as  seems  reasonable,  the 
passage  of  these  sharply-separated  layers  into  quite  close  inter- 
foliation  negatives  the  idea  of  any  prior  bedding,  it  would  appear 
probable  that  this  curious  structure  was  developed  concurrently  with 
the  ordinary  foliation,  when  the  earth-movements  took  place  which 
have  80  much  a£fected  all  the  rocks  of  this  district 

Ab  before  stated,  much  of  the  entire  sheet  of  rock  consists  of  the 
materials  of  these  layers  just  described,  variously  intermixed, 
together  with  one  or  two  other  minerals.  At  some  parts  chlorite 
and  calcite  increase  almost  to  the  exclusion  of  felspar,  at  others 
felspar  again  plays  a  more  prominent  part.  Biotite  and  muscovite 
vary  from  total  absence  to  great  predominance,  and  epidote  again, 
which  at  some  parts  is  very  abundant,  disappears  entirely  at  others. 
Large  bits  of  felspar  are  the  exception,  most  of  it  being  in  smaller 
grains  and  fine  mosaic,  and  with  one  exception,  nothing  at  all 
approaching  to  original  felspar  is  seen. 

Specimens  from  one  point  along  Trebarwith  Strand  show  the 
presenoe  of  a  large  amount  of  actinolitic  hornblende.  It  is  very 
pale  green,  almost  colourless,  and  very  slightly  dichroia  It  occurs 
with  chlorite,  into  which  much  of  it  is  in  course  of  alteration. 
Felspar  is  in  rather  largish  bits  in  these  sections.  A  large  amount 
of  epidote  is  present,  of  yellow  colour  and  rather  strong  dichroism. 
It  is  all  in  broken  crystals  and  large,  detached,  irregular  fragments, 
which  frequently,  at  some  distance  apart,  show  their  former  unity. 
Sections  cut  across  the  schistosity  of  the  rock  show  very  plainly  that 
the  movements  which  caused  foliation  broke  and  dragged  asunder 
fine  large  crystals  of  epidote,  and  gave  an  approximately  parallel 
arrangement  to  a  portion  of  the  fragments.  This  question  as  to  the 
age  of  epidote  and  other  minerals,  relatively  to  the  foliation  of  the 
rock,  will  be  referred  to  again.  In  the  present  instance  there  is  no 
doubt  that  epidote  crystals  were  formed  in  great  plenty  he/ore  the 
movements  took  place,  and  there  is  no  sign  of  any  having  been 
developed  since. 

Hornblende  was  not  seen  in  any  other  sections,  but  would  doubt- 
less prove  to  be  present  at  other  parts  of  the  sheet  if  more  specimens 
were  taken.  At  a  point  only  a  few  yards  away  it  had  totally 
disappeared,  and  epidote  was  present  only  in  very  small  amount. 

Specimens  from  both  sides  of  Bossiney  Cove  are  interesting 
owing  to  the  very  large  development  of  mica  and  of  epidote. 

Some  of  the  rock  from  the  south  side  is  made  up  mostly  of  biotite, 
with  chlorite  and  numerous  large  crystals  of  epidote.  Much  of  the 
biotite  has  a  greenish  tinge,  and  is  at  many  points  more  or  less  altered 
to  chlorite,  much  of  which  appears  to  have  originated  in  this  manner. 
Most  of  the  biotite  is  in  large  irregular  flakes,  which  lie  with  their 
flat  sides  parallel  to  the  schistosity  and  are  drawn  out  with  the 
chlorite  into  long,  slightly  oorving  lines.     But  there  is  also  a  good 
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deal  of  biotite  which  is  not  bo  arranged,  bat  lies  with  its  flat  sides 
in  various  directions,  mostly  vertical  or  highly  inclined  to  the 
foliation.  It  occurs  as  very  numerous  individuals  with  sharp  outlines 
and  boundaries  of  tabular  crystals.  It  is  all  quite  fresh  and  more 
transparent  than  the  other  form,  and  as  it  has  so  evidently  not  been 
in  the  least  degree  affected  by  the  rock-movements,  it  appears  to  be 
younger  than  the  irregular  flakes,  and  to  have  been  developed  since 
the  foliation  took  place. 

Felspar,  some  of  it  twinned,  is  well  represented,  and  there  is 
quartz  as  usual.  Rutile  is  very  abundant  in  some  parts  of  sections, 
as  good-sized  crystals  and  grains.  The  e[)idote  crystals  are  more 
numerous  and  larger  than  in  any  other  specimens  examined.  Many 
may  be  picked  out  with  a  penknife,  and  their  forms  examined  with 
a  lens,  or  even  with  the  naked  eye ;  but  smaller  crystals,  not 
perceptible  without  the  microscope,  are  also  plentifuL 

These  epidotes  lie,  by  far  the  greater  number,  with  their  long  axes 
parallel  to  the  plane  of  foliation,  lyingin  various  directions  in  this  plane. 
Hence  slides  prepared  parallel  to  foliation  show  hardly  any  cross-sec- 
tions of  the  crystals,  while  such  sections  predominate  in  slides  prepared 
transversely.  Dichroism  is  moderate,  varying  from  colourless  to  pale 
yellow.  The  crystals  are  mostly  very  perfect  The  usual  elongation 
in  the  direction  of  the  orthodiagonal  is  so  strongly  developed  that 
the  length  is  mostly  very  great  in  proportion  to  the  thickness.  The 
forms  do  not  present  anything  unusual.  The  ends  are  in  no  cases 
bounded  by  definite  planes.  Gross-sections  parallel  to  the  clino- 
pinacoid,  show  mostly  six-sided  forms  bounded  by  the  faces  001, 100, 
and  101,  but  owing  to  the  disappearance  in  some  crystals  of  the 
faces  100,  there  are  also  many  rhombic  sections.  Twinning  is 
frequent,  both  as  simple  binary  twins  and  as  others  in  which  several 
lamellsB  are  inserted  between  the  two  main  portions.  It  is  developed 
not  only  in  the  larger  crystals,  but  also  in  the  the  smaller  microscopic 
individuals.  The  occurrence  of  twinning  in  small  epidotes  is  stated 
to  be  not  very  frequent 

In  the  sections  of  rock  now  under  consideration  the  epidote  has 
not,  as  a  rule,  been  very  much  afl'ccted  by  the  shearing  which  has 
developed  a  very  high  degree  of  **  flow  "  structure  in  mica,  chlorite, 
calcite,  iron  ores,  etc.  There  are  many  crystals  which  do  not  show 
signs  of  having  suifered  any  kind  of  stress  or  disturbance  at  all,  and 
which  would  incline  one  to  believe  that  they  had  been  formed 
subsequently  to  the  foliation  of  the  rock.  But  there  are  also  others 
which  have  been  broken  or  bent,  some  to  even  an  extreme  degree, 
though  actual  separation  of  fragments  is  rare ;  and  a  large  number 
of  others  which  have  not  been  so  severely  affected  still  show  that 
their  internal  structure  is  modified  in  harmony  with  the  foliation  of 
the  other  minerals,  lines  of  iron  ore  continuing  their  straight  or 
curving  courses  right  through  the  epidote  sections.  Also  the  layers 
of  mica,  chlorite,  etc.,  are  sharply  curved  and  bent  over  the  angles 
of  the  crystals  lying  in  their  way.  It  is  clear,  therefore,  that  much 
of  the  epidote  here  was  in  existence  before  foliation  took  place, 
though  there  is  some  of  it  of  which  it  would  not  be  possible  to  decide 
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whether  it  is  subsequent  to  foliation,  or  whether  it  is  only  that  some 
crystals,  for  some  reason,  eseaped  all  sign  of  stress. 

Some  of  the  rock  from  the  north  side  of  Bossiney  Cove  differs 
from  that  just  described  in  the  fact  that  it  contains  a  large  amount 
of  musoovite,  which  mineral  was  absent  in  the  former  case.  The 
muscovite  here  exceeds  the  biotite  in  quantity  and  is,  indeed,  the 
main  component  of  the  rock.  It  occurs  mainly  in  small  flakes,  lying 
parallel  to  the  plane  of  foliation,  and  felted  together  into  compact 
layers.  Sections  cut  parallel  to  these  layers  show  many  patches  in 
which  the  muscovite  is  almost  wholly  unmixed  with  other  minerals, 
and  which,  notwithstanding  the  presence  of  many  flakes  which  lie  in 
transverse  directions,  behave  between  crossed  Nicols  as  if  only  one 
larger  individual  were  present,  giving  sharp  and  distinct  optic 
figures  in  convergent  light.  In  other  patches  there  is  more  or  less 
intermixture  of  chlorite,  or  of  biotite- flakes,  giving  a  greenish  or 
yellowish  colour  and  causing  blurred  and  indistinct  optic  figures. 
It  is  in  transverse  sections  that  the  layers  in  question  are  best 
recognized  as  being  built  up  of  countless  muscovite  flakes  compacted 
together. 

Similar  occurrences  of  muscovite  take  place  at  several  other  points 
in  the  sheet,  but  it  was  not  seen  anywhere  else  in  such  large  amount. 

The  biotite  of  this  occurrence  resembles  in  all  respects  that  of  the 
one  last  described,  including  the  apparent  formation  of  a  younger 
lot  of  it,  but  the  individuals  of  the  latter  are  fewer,  and  are  larger 
and  less  sharply  defined.  Felspar  is  absent  in  this  case ;  quartz  is 
rather  plentiful.  There  is  no  rutile  in  crystals  of  any  size,  but 
under  high  power  the  entire  rock  is  seen  to  be  full  of  very  minute 
crystals  and  grains  of  it. 

Epidote  is  almost  as  plentiful  here  as  in  the  last  instance,  and  its 
arrangement  in  the  rock  is  practically  the  same,  but  it  is  not  in  quite 
such  large  crystals. 

The  sections  show  that  here  the  epidote  has  been  intensely  affected 
by  the  rock -movements,  not  only  being  broken  and  dragged  asunder, 
and  curved  and  twisted  in  all  degrees,  but  being  in  some  cases 
squeezed  into  lenticular  streaks  of  crushed  material,  which  is,  so 
far  as  my  observation  goes,  rare  in  the  case  of  epidote,  and  tells  of 
very  great  stress  indeed.  So  far  as  these  special  sections  go,  there 
seems  no  question  that  all  the  epidote  was  formed  prior  to  the 
foliation  of  the  rock. 

Lying  in  among  the  micaceous  and  chloritic  material  at  the  south 
side  of  Bossiney  Cove  I  found  an  occurrence  of  rock  which  deserves 
special  mention,  because  it  differs  so  very  much  in  many  respects 
from  anything  else  seen  in  this  sheet.  It  is  dark  grey  in  colour, 
very  hard  and  compact,  with  quite  a  splintery  fracture.  Neither 
macroscopically,  nor  microscopically,  is  there  the  least  sign  of  any 
foliation.  The  part  exposed,  or  at  all  events  seen  at  any  accessible 
part  of  the  outcrop,  was  limited  to  a  layer  of  perhaps  a  foot  and  a 
half  in  thickness  and  four  to  six  feet  in  length,  forming  a  projecting 
ledge  in  among  the  rest  of  the  rock.  It  made  the  impression  of 
beiog  part  of  a  thin  bed  lying  more  or  less  parallel  with  the  io\\&\\Qii 
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of  the  sheet,  bat  it  was  not  possible  to  make  snre  whether  this  was 
the  case,  or  to  get  any  idea  of  its  extent. 

The  microscope  shows  this  rook  to  be  made  up  of  maoh  felspar, 
with  a  great  deal  of  chlorite,  some  secondary  qoartz,  a  little  caloita, 
a  few  flakes  of  biotite,  and  large  amounts  of  epidote  and  of  granular 
sphene. 

Most  of  the  felspar  is  water-clear  and  indeflnite,  but  there  are 
also  a  good  many  well-defined  columnar  forms,  of  various  sizes, 
showing  twinning,  binary,  and  multiple.  In  the  amount  of  in- 
dividualized felspar  this  rock  stands  out  quite  distinct  from  any 
other  specimens  from  the  sheet,  as  it  does  also  in  regard  to  ^iiaiid'^ 
of  felspar  present 

Many  of  these  felspar  crystals  are  bent  and  broken  and  show 
curved  twinning-lines,  and  a  very  large  proportion  of  them,  as  well 
as  of  the  water-clear  bits  and  the  quartz  grains  show  strongly  undu- 
lous  extinctions.  The  epidote  also  is  much  broken  up  and  the  ends 
of  many  crystals  are  surrounded  by  quantities  of  small  crashed 
fragments.  But  for  the  absence  of  foliation,  this  rock  seems  to  have 
undergone  quite  as  much  stress  as  any  other  part  of  the  sheet 
Were  it  not  so,  one  would  be  rather  inclined  to  think  it  might  be  a 
later  igneous  matter  intruded  into  the  already  altered  rooks  of  the 
sheet.  It  appears,  however,  more  likely,  in  view  of  the  similarity 
of  its  alteration-products,  both  in  nature  and  extent,  to  those  of  the 
other  specimens  examined  from  various  parts  of  the  sheet,  that  it  is 
really  a  part  of  the  same  original  mass,  which  has  escaped  foliation 
for  some  reason  we  cannot  explain.  Were  this  foliated  like  the  rest, 
it  would  differ  only  from  some  other  specimens  in  being  more  fel- 
spathic;  and  even  this  difference  might  very  probably  disappear, 
owing  to  development  of  mica  and  other  minerals  from  the  felspar, 
which  there  is  reason  to  believe  would  be  brought  about  during  the 
process  of  foliation. 

A  thorough  study  of  this  interesting  sheet  of  rock  would  require 
further  attention  in  the  field,  and  the  examination  of  a  much  larger 
series  of  sections  than  I  have  prepared.  From  what  I  have  adduced 
above  it  seems  reasonably  certain  that  the  entire  mass  is  of  igneous 
origin,  but  there  does  not  seem  to  be  any  basis  whatever  on  which 
to  decide  as  to  whether  the  original  material  was  a  massive  rock, 
consolidated  from  a  molten  condition,  or  whether  it  was  a  fragmental 
deposit  of  tuff  or  ash.  It  seems  likely  that  where  such  great  altera- 
tions have  taken  place  as  are  here  shown,  all  clue  to  the  original 
nature  and  condition  of  the  rocks  would  be  equally  destroyed  in 
either  case. 

Whatever  was  the  original  nature  of  the  material,  we  see  from  the 
microscopic  record  that  even  prior  to  the  great  earth-movements  of 
the  district  it  had  undergone  very  complete  alteration  under  the 
ordinary  influence  of  chemical  action,  and  doubtless  much  pressure 
from  the  masses  of  sedimentary  rocks  piled  above  it.  Secondary 
hornblende  had  formed  and  probably  mostly  passed  in  its  turn  into 
chlorite.  Calcite  was  everywhere  abundant  and  much  quartz  had 
been  deposited. 
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Epidote  was  plentifal  at  some  parts,  as  was  probably  also  mica  of 
both  kinds,  thongh  it  is  most  likely  that  maoh  of  the  muscovite  now 
seen  was  formed  at  the  time  when  the  great  crushing  and  shearing 
took  place.  The  same  may  be  said  of  the  sphene  which  is  so  plenti- 
ful in  nearly  all  the  sections,  and  which  probably  originated  from 
leocozene  during  the  same  period,  together  with  moch  rutile.  The 
great  pressure  and  movement  of  the  mass,  we  may  suppose,  also 
caused  the  re-generation  of  the  decayed  original  felspars  and  the 
formation  of  the  water-dear  material  which  now  plays  so  large 
a  part  in  these  schists. 

It  can  be  seen  that  since  the  foliation  took  place  some  chlorite  and 
quarts,  and  very  large  amounts  of  calcite  have  been  deposited.  This 
later  calcite  may  easily  be  distinguished  in  all  the  sections,  and 
penetrates  the  rocks  through  and  through,  filling  up  also  all  the 
joints  and  cracks.  At  some  outcrops  it  has  increased  so  much  in 
amount  that  it  makes  up  most  of  the  rock,  as  in  the  sides  of  the 
valley  opposite  Trenow. 

lY. — Oh  ths  Oooubbemox  of  a  Yabiity  of  Piobite  (Sotelite) 

IN  Sark. 

By  Pbof.  T.  G.  Bonnbt,  D.Sc.,  LL.D.,  F.E.S.,  F.G.S. 

LAST  summer  I  had  the  pleasure  of  passing  a  fortnight  in  the 
Channel  Islands  under  the  guidance  of  my  friend  the  Rev.  E. 
Hilly  who  has  done  so  much  to  elucidate  their  geology.  During  our 
short  visit  to  Sark  we  spent  some  hours  in  the  beautiful  little  cove 
called  Port  du  Moulin,  examining  the  interesting  sections  of  the 
hornblende-schist  and  underlying  gneissic  rocks.  I  was  wandering 
on  the  beach  looking  at  the  wave- worn  boulders  which  afford  most 
interesting  studies  of  the  structure  of  this  crystalline  series,  when 
my  eye  was  attracted  by  one  which  differed  much  from  the  rest,  and 
resembled  a  dark-coloured  serpentine  of  a  slightly  exceptional 
character.  With  some  difficulty,  owing  to  its  form,  I  detached  a 
tolerable  specimen,  and  on  examining  the  fresher  surface,  felt  con- 
vinced that  I  had  found  a  rock  composed  chiefly  of  an  altered 
olivine  and  a  silvery  talc-like  mineral.  At  the  time  it  recalled  to 
my  memory  in  some  respects  the  scyelite  described  by  Prof.  Judd, 
though  it  did  not  exhibit  the  conspicuous  porphyritic  structure  of 
that  rock.  The  conjecture  proves  on  microscopic  examination  to  be 
accurate,  and  I  subjoin  a  short  description. 

Macroscopically  the  rock  exhibits  a  compact  invisible-green  or 
nearly  black  ground-mass,  interrupted  by  specks  and  larger  ^ains 
of  a  pale-grey  mineral  with  a  rather  silky  or  silvery  lustre ;  the 
grains  being  interrupted  by  black  spots  as  is  common  with  bastite. 
The  water- worn  surface  shows  an  irregular  mottling  of  black  and 
grey.  On  using  a  lens  the  latter  part  suggests  the  presence  of  two 
minerals,  one  having  a  more  fibrous  structure  and  silky  lustre  ;  the 
other  a  more  lamellar  structure  and  more  silvery  lustre.  Some 
small  fiakes  of  a  brownish  mica  can  be  distinguished,  and  one  or 
twogiains  of  fair  size  are  distinctly  green  in  colour,  resembling 
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penninita.  The  apedfio  graTity  of  the  rock  is  2'88.^  Examined 
with  the  miorosoope  the  rook  is  seen  to  be  composed  mainly  of  the 
following  minerals  :— 

1.  Olivine,  in  process  of  oonyersion  into  serpentine.  The  grains, 
in  diameter  from  about  *07"  downwards,  exhibit  the  characteristio 
network  stmotare  produced  by  '  strings '  of  serpentine,  often 
blackened,  as  usual,  with  opacite,  but  give  brilliant  chromatic 
polarization  in  the  interstices  occupied  by  the  unaltered  olivine. 

2.  A  pyroxenic  mineral,  often  in  larger  grains,  most  of  which 
is  either  colourless  or  of  a  very  pale  greenish-grey  tint. 
Evidently  more  than  one  variety  or  species  is  present.  OccasioBally 
the  cleavage  of  a  hornblende  may  be  recognized;  but  much, 
especially  of  the  greener  variety,  has  an  acicular  habit,  though  the 
needles  lie  parallel ;  thus,  though  sections  be  taken  at  right  angles, 
the  characteristic  cleavage  of  hornblende  is  much  more  rarely  seen 
than  one  would  expect  These  acicular  or  possibly  platy  groups 
often  have  their  divisional  planes  spotted  with  opacite  and  are 
traversed  by  thin  strings  of  serpentina  They  extinguish  simul- 
taneously and  usually  at  angles  below  20°,  but  occasionally  range 
up  to  24°.  Moreover,  here  and  there  grains  occur  with  augite 
cleavage  or  augite  extinction,  colourless  or  a  very  light  brown,  some 
of  which,  with  crossing  Nicols,  have  a  curious  pallid  'moribund' 
aspect.  These  are  commonly  surrounded  by  a  felted  mass  of  a 
fibrous  mineral,  which  gives  brilliant  tints  with  the  polarizing 
apparatus.  It  occure  elsewhere  in  the  slide,  and  sometimes  almost 
resembles  a  ground-mass.  I  regard  it  as  a  form  of  actinolite.  On 
the  whole  I  believe  that  the  original  mineral  of  the  rock  was  augite, 
perhaps  a  little  variable  in  composition,  and  that,  as  has  often  been 
noted  in  picrites,  we  now  find  it  in  different  stages  of  alteration  into 
varieties  of  hornblende. 

3.  A  mica-like  mineral.  Some  of  this  exhibits  a  distinct  though 
rather  weak  dichroism,  changing  from  colourless  with  vibrations 
perpendicular  to  the  basal  plane  to  pale  brown  with  vibrations 
parallel  with  it.  Occasionally  there  is  a  slight '  edging'  of  pale  dull 
green.  Tliis  mineral,  when  rotated  from  the  positions  of  extinction 
(parallel  with  the  cleavage  planes),  exhibits  rather  brilliant  colours, 
and  the  peculiar  mottled  or  <  shot '  look  so  common  in  a  mica.  The 
remainder  (and  greater  part)  of  the  mineral  is  perfectly  clear  and 
colourless,  and  between  the  crossed  Nicols  only  varies  from  black  to 
a  dull  pallid  grey  or  white.  Rods  or  plates  of  opacite  are  frequently 
present  between  the  cleavage  planes.  I  have  no  doubt  that  the 
former  is  a  magnesia-biotite.  probably  similar  to  that  described  by 
Prof.  Judd '  in  the  scyelite  of  Caithness,  and  the  latter  represents 
an  alteration  product  of  the  same.  I  find  a  rather  similar  mineral 
in  some  of  my  slides  of  chlorite  schists,  and  Prof.  Judd's  analysis 
does  not  differ  much  from  that  of  a  penninite,  where  the  percentage 
of  magnesia  is  rather  low.  Certainly  a  rather  large  plate  in  one  of 
my  hand-specimens  much  resembles  that  mineral.     There  are  also 

^  Kindly  determined  for  me  by  Mr.  J.  H.  Holland  in  Prof.  Judd's  laboratory. 
*  Quart  Joum.  GeoL  Soc.,  1885,  toL  zli.  pp.  401-407. 
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oocuional  elongated  suoloaarea,  abattle-ihaped  in  Bectton,  like  those 
of  caloite  figured  by  Prof.  Zirkul.'  These  often  appear  to  be 
composed  of  a  fibroni  or  lamellar  mineral  rather  similar  to  tlie  micro- 
Uthic  aotinolite  alreadj  mentioned.  The  larger  grains  or  the  niioft 
inolose  Bmall  grains  of  oliviQe,  and  grains  or  orystalB  of  this  horn- 
bleodio  miner^.  In  some  obms  needles  of  actinolite,  in  length  up 
to  abont  -Oi",  pierce  it  obliquely,  like  pins,  making  an  angle  of  about 
35°  with  the  cleavage  planes.  The  penetrating  power  of  acicular 
hornblende  has  often  been  noticed,'  so  I  regard  these  as  probably 
Mcondary.  In  other  oases  they  lie,  as  above  described,  between  the 
cleavage  planes. 

i.  Oraina  of  iron  oxide  (in  addition  to  much  scattered  opacite 
tnd  small  interstitial  plates  or  rods,  especially  in  the  mica).  These 
ire  no  donbt  original  constituents,  but  I  think  that  from  their 
peculiar  outline  they  have  in  some  cases  received  secondary 
logmen tati on.  Most  of  these  grains  are  perfectly  black  and 
opaque,  but  oocaaionsUy  a  deep  brown  tint  is  just  dtacernible  at 
the  edges,  and  two  grains  are  in  parts  fairly  translucent  and  of  a 
distinct  dill]  green  colour.  Hence  it  is  probable  that  the  mineral  is 
chromiferous,  and  varies  from  magnetite  or  chromile  to  picotite.' 

One  would  not  be  surprised  to  find  some  variety  of  rhombic 
pyroxene  in  the  rock,  but  I  faave  failed  to  identify  it,  and  am 
disposed  to  refer  all  the  cleared  and  colonrless  niineral  to  mica, 
rather  than  to  bastite  or  bronzite.  Uiit  this  group  of  rocks  is  so 
variable  that  another  investigator  may  find  something  which  I  have 
not  noticed. 

Some  of  the  grains,  I  may  observe,  which  I  take  for  altered  mica 
or  a  chlorite,  exhibit  a  remarkable  twin  stniclure — singularly  like 
the  lamellar  twinningof  plagioclase — one  set  of  bands  extinguishing 
parallel  or  nearly  parallel  with  the  cleavage  planes,  the  other  at  an 
angle  with  it  which  in  one  case  is  actually  18°,  though  generally  it 
is  less  than  10°.  Beyond  this  it  has  no  resemblance  whatever  to  a 
felspar.  It  might  possibly  be  an  enstatite,  but  I  think  the  reference 
to  the  mica  is  more  probably  correct.  1  have  seen  similar  twinning, 
mimicking  both  the  '  albite '  and  '  pericline  '  types  in  an  undoubted 
altered  pymxenic  mineral — probably  enstatite — in  a  serjientine  from 
Cam  Sparnack  (Lizard),  and  in  other  oases.'  Probably  we  shall  not 
he  wrong  in  adopting  Prof.  Jadd'a  explanation,  and  referring  the 
almcture  to  molecular  strains,  which  might  well  he  set  up  in  the 
changes  which  this  mass  has  undergone. 

It  is  evident  from  the  microscopic  examination  that  this  rock  is 
very  closely  allied  to  the  scyelite  (altered  mica- bom  blende  picrite) 
described  by  Prof.  Judd.'     The  published  analysis  of  the  latter,  as 


p.  16l'. 

'  Wadaworth,  LithDlogieal  Stadiea,  p.  170,  etc. 

'  One  of  my  slide*  fiorn  the  Kill  (Liurd)  is  full  of  small  crrstals  ot  b  niinertl 
■hich  I  lonnerl}'  took  to  lie  eiutatiCs  (altered],  but  I  doweco  has  b  very  cluKresem- 
bluratp  the  bleached  mica. 

»  Zee.  tit.  pp.  402,  406, 
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well  as  the  mioroeoopio  study,  show  that  the  principal  minerals 
occur  approximately  as  follows :  Hornblende,  68*6 ;  altered  olivine, 
22-0 ;  altered  mica,  18*6  per  cent  1  think  that  the  proportions  in 
the  Sark  rock  are  not  very  different  Hence  it  is  the  result  of  the 
alteration  of  a  picrite  (using  the  word  in  the  sense  in  which  1  have 
been  accustomed  to  employ  it),  rather  than  of  a  normal  peridotite, 
▼iz.  of  a  group  transitional  between  the  latter  and  the  dolerites.^ 

So  far  as  we  could  see  this  rock  does  not  occur  in  sitik  in  the  cliffs 
at  Port  du  Moulin,  but  during  both  our  visits  there  was  a  rising  tide, 
and  we  were  not  able  to  reach  nearly  to  low- water  mark.  Moreover, 
we  found  so  much  of  interest  in  the  hornblende-schist  and  its  asso- 
ciates, that  we  bad  no  time  to  search  thoroughly  the  craggy  slopes 
above.  I  have,  however,  little  doubt  that  the  rock  occurs  in  sf  <4  at 
no  great  distance.  The  boulder — more  than  half  a  cubic  yard  in 
solid  contents — is  far  too  large  to  have  been  brought  as  ballast,'  for 
it  could  only  have  been  shipped  by  means  of  a  crane,  and  nothing 
larger  than  a  fishing  boat  (except  in  case  of  a  wreck)  would  be 
likely  to  touch  at  Port  dn  Moulin.  Besides,  I  do  not  know  of  any 
seaport  at  which  such  a  rock  occurs. 

Since  our  visit,  Mr.  Hill  has  called  my  attention  to  the  following 
passage  in  Ansted's  Geology  of  the  Channel  Islands  (p.  264) :  "  An 
important  vein  of  serpentine  and  steatite,  with  asbestos  and  talc, 
has  been  traced  crossing  the  central  part  (of  Sark)  near  Port  dn 
Moulin."  This  vein,  Mr.  Hill  tells  me,  be  did  not  find  when 
engaged  in  the  work  for  his  paper  on  Sark ;  and  as  the  term  '  ser- 
pentine '  was  often  used  rather  vaguely  at  the  time  when  Ansted 
wrote,  he  did  not  attach  much  importance  to  it,  and  the  matter  had 
even  escaped  bis  memory  at  the  time  of  our  visit.  The  coast  of 
Sark  is  very  precipitous,  and  if  the  dyke  is  not  well  exposed,  it  might 
easily  be  missed,  even  by  so  careful  a  worker  as  my  friend.  It 
would  now  seem  probable  that  Ansted  was  substantially  right  in 
his  identification,  and  that  the  rock  which  I  have  described  comes 
from  his '  vein.* 

As  there  is  no  probability  of  my  returning  to  Sark  for  years,  if 
ever,  I  publish  this  note  in  the  hope  that  some  one  will  trace  this 
interesting  rock  to  its  home.  No  doubt  it  will  occur  as  a  dyke,  and 
there  is  a  special  interest  in  finding  it  here,  because  the  hornblende- 
schist  of  Sark  is  lithologically  identical  with  much  of  that  from  the 
Lizard  peninsula,  where  varieties  of  serpentine  are  also  intrusive  in 
the  crystalline  series. 

I  may  add  that,  after  my  return  to  England,  Mr.  Hill  found  a 
picrite  in  Aldemey,  though  it  is  nearer  to  the  olivine-dolerites  than 
that  which  forms  the  subject  of  the  present  note;  this  will  be 
described  in  a  paper  which  he  is  preparing  on  the  geology  of  that 
island. 

^  It  is,  I  think,  inconvenient  to  apply  the  term  picrite  both  to  these  rocks  and  to 
members  of  the  peridotite  group,  composed  of  olirine  and  augite,  where  the  former 
mineral  dominates,  and  the  percentage  of  magnesia  nearly  equals  that  of  silica; 
for  the  latter  (probably  rarer)  form  a  new  name  might  be  coined,  if  augite-peridotite 
will  not  suffice. 

*  Afterwards  I  noticed  two  or  three  others  of  smaller  size. 
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Y. — On  thb  Bbobmt  Disooykbt  of  the  Remains  or  the 
Mammoth  in  the  Valley  of  the  Dabemt. 
By  Prof.  J.  Pbmtwioh,  M.A.,  F.R.S.,  V.P.G.S.,  etc. 

ABUNDANT  as  the  remains  of  the  Mammoth  and  its  associated 
group  of  Pleistocene  Mammalia  are  in  the  adjacent  valleys  of 
be  Medway  and  the  Cray,  none  have  been  yet  recorded  in  the 
ralley  of  the  Darent,  to  which  the  Mammoth  no  doubt  commonly 
^sorted  at  the  same  time.  One  reason  may  be  that  this  valley  is 
reiy  bare  of  Drift,  and  between  Dartford  and  Otford  there  is  not 
i  tingle  pit  in  the  little  drift-gravel  that  is  met  with. 

Shallow  and  narrow  sections,  3  to  8  feet  deep,  were,  however, 
qpened  out  in  the  drift  beds  last  summer  for  the  purpose  of  the 
Mw  drainage  works  for  the  village  of  Shoreham.  The  drift  was 
here  found  to  consist  mostly  of  light-coloured  loam,  sand  and  chalk 
lebris,  full  generally  of  angular  and  unworn  flints.  No  organic 
emains  were  found  in  passing  through  the  village,  but  at  its  north- 
reet  comer,  in  carrying  a  trench  from  the  main  road  down  to  and 
inder  the  river,  the  workmen  came,  at  the  depth  of  3^  feet,  upon 
he  tusk  of  a  Mammoth,  about  6  feet  long,  lying  in  a  bed  of  sand 
od  gravel.  It  was  in  an  extremely  friable  condition,  and  fell  to 
neoes  in  getting  it  out     A  piece  only  one  foot  long  reached  me. 

I  found  the  usual  loam,  chalk  and  flint  rubble  here  replaced  by  a 
«d  of  sharp  sand  and  subangular  gravel,  no  doubt  of  fluviatile  origin. 

succeeded,  by  washing  some  of  the  materials,  in  obtaining  a  few 
regments  of  shells,  which  I  would  refer  with  some  doubt  to 
"HMiuniy  PlanorhiB  and  Helix,  but  they  were  extremely  scarce  and 
liable,  and  I  oould  not  obtain  a  single  entire  specimen.  The  gravel 
onsisted  of  subangular  flints,  pebbles  of  chalk,  subangular 
ragraents  of  chert  and  ragstone  from  the  Lower  Greensand  of 
ievenoaks,  and  Tertiary  flint  pebbles,  showing  the  flow  of  the  river 
0  have  been  then  as  now  from  south  to  north. 

SlCnON    ACH088    THB    VaLLBT    OF    THB    DaBBNT    BT    THB    PaPBB-MiLL    AT 
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The  height  of  the  spot  where  the  remains  were  found  is  30  feet 
bove  the  present  stream,  or  202  feet  above  Ordnance  datum.  The 
arlier  works  for  the  main  drainage  had  already  shown  that  the 
Uluvial  beds  of  clay  in  the  valley  were  from  eight  to  ten  feet  thick, 
nth  an  underlying  bed  of  gravel  and  chalk  rubble  five  to  six  feet 
hiok.  llierefore  the  old  river  at  that  Quaternary  time  must  have 
lowed  on  a  bed  some  30  to  40  feet  higher  than  at  its  last  stages. 
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AboTe  the  Tillage  the  ehalk  ilopee  are  entirely  bare  and  without 
traoes  of  a  higher-level  river-drift  The  foregoing  woodout  givet 
a  section  of  the  valley  at  this  spot  (see  p.  113). 

No  other  remains  were  found  here,  but  at  Eynsford,  three  mUei 
lower  down  the  valley,  the  foreman  informed  me  that  they  had 
found,  at  about  the  same  depth,  but  only  20  feet  above  the  river» 
the  entire  tooth  of  a  Mammoth.  At  Qreen  Street  Green  in  the 
adjacent  valley  of  the  Cray  remains  of  the  Mammoth,  together  with 
those  of  the  Woolly  Rhinoceros,  Musk  Ox,  Horse,  Ox  and  Deer,  eta, 
have  been  met  with,  and  in  the  associated  beds  of  loam  I  have  found 
numbers  of  the  small  shells  of  Pupa  marginata, 

YI. — On  a  Bbeooia  and  an  Altebbd  Hornblende-Schist  at  Housil 

Cove,  Lizard. 
Bj  Albxandbb  Somebyail,  Esq. 

THE  rocks  forming  Housel  Bay  consist  of  the  normal  dark  horn- 
blende-schists with  the  exception  of  those  out  of  which  the 
charming  little  Cove  be€u*ing  the  same  name  has  been  formed,  which 
holds  nearly  the  central  part  of  the  Bay,  facing  the  south-east 

The  Cove  has  three  small  recesses,  an  east  and  a  west,  and  a 
central  one,  which  receives  a  small  stream  flowing  into  it ;  the  whole, 
however,  a  few  yards  seawards  forming  one  well-defined  Cove. 

On  descending  into  the  Cove  one  is  immediately  confronted  by 
rocks  presenting  a  very  dififerent  aspect  from  the  ordinary  horn* 
blende-schists  of  the  adjoining  area.  A  little  careful  attention  on 
the  part  of  an  observer  will  also  lead  to  the  detection  of  a  breccia 
in  the  centre  of  the  Cove,  close  to  the  stream ;  the  best  guide  to  it 
being  a  sliokensided  surface  on  which  it  will  be  found  resting. 

The  breccia  is  only  a  few  inches  in  thickness,  and  is  confined  to 
the  under  surface  of  the  rock  overlying  the  slickenside.  It  is 
composed  of  numerous  broken  crystals  of  a  greenish-white  felspar, 
varying  in  size  from  mere  specks  up  to  others  of  nearly  an  inch  in 
length,  set  in  a  reddish  paste  formed  out  of  the  rock  by  crushing. 
It  also  contains  angular  and  semi-rounded  fragments  of  its  own 
mass,  and  what  looks  like  small  well-rouuded  pellets  of  quartz 
coloured  red  by  the  presence  of  iron.  Besides  these  there  is  some 
extraneous  like  matter  possibly  introduced  or  formed  during  the 
process  of  its  being  cemented  together.  Altogether  its  origin  is 
without  doubt  due  to  a  thrust,  or  other  movement  of  the  one  mass  of 
rock  over  the  other  with  such  force  as  to  shatter  and  groove  their 
opposing  faces. 

The  rock  throughout  the  entire  extent  of  the  Cove  (which  appears 
to  define  its  limits)  weathers  into  various  shades  of  yellowish- brown 
and  red,  and  when  broken  up  with  the  hammer  is  seen  to  have  a 
very  near  approach  to  a  felsite,  which  it  also  resembles  in  composition, 
being  composed  principally  of  felspar  and  some  quartz  almost  to  the 
exclusion  of  the  hornblende.  It  also  contains  scattered  throughout 
its  mass  some  steatitic  or  serpentinous  mineral  of  greenish  colonr 
arranged  in  (veins  and)  small  concretionary  forms.  It  is,  however, 
evidently  only  an  altered  condition  of  the  hornblende-schist,  as  it  con- 
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"ge  eyes  of  that  rook.  It  oan  be  studied  to  much  advantage 
.  the  east  end  of  the  OoTe,  where  the  hage  eyes  of  the  hom- 
wliist  are  distinctly  seen  gradually  to  pass  into  the  felsitic 
rhioh  in  tern  passes  into  the  homblende-sdiist  at  either 
ty  of  the  Cove,  thus  precluding  the  idea  of  the  former  rock 
itmslTe  in  the  latter. 

y  short  communication^  to  the  Maoaziitb  for  December  last, 
ed  to  the  various  rooks  and  minerals  formed  out  of  a  magma 

under  different  conditions,  or  by  its  mineral  constituents 
Ing  during  the  cooling  process.  In  the  present  instance  we 
hat  seems  equally  referable  to  subsequent  mechanical  and 
il  change  after  the  rock  had  passed  into  a  consolidated  state, 
ited  by  the  breccia  and  the  highly  altered  condition  of  the 
mde-schist  This  is  but  one  among  the  many  examples  of 
!jizard  schists  passing  into  each  other.  Such  a  passage  may 
I  noted  between  the  hornblende,  the  mica-diorite,  the  mioa- 
uid  other  varieties.  In  the  field  we  catch  them,  as  it  were, 
reiy  act  of  alteration  into  each  other,  at  least  we  can  observe 
a  all  their  transition  stages,  and  these  from  their  decidedly 
)d  appearance,  their  frequent  lenticular,  irregular,  and  othf^r 
ant  characters,  betray  their  dynamic   and  secondary  origin. 

must,  I  think,  be  conceded  that  however  much  dynamic 
»rphism  may  have  altered  these  Lizard  rocks  from  their 
I  mineral  aspects,  every  such  change  in  the  main  has  been 
rmined  by  some  difference  in  there  primary  composition. 

— Ok    sohx  Physical  Changes  in  thb  Eabth's  Obust. 

{Pmrt  IL) 

By  Cha&lbs  Ricxbtts,  M.D.,  F.O.S. 

{Continued  from  p.  58.) 

ERHANEAN  landslips  differ  from  landslips  occurring  in 
fs  along  the  coast,  and  in  escarpments  elsewhere,  in  that,  a 
laving  been  formed  and  its  sides  become  separated  (Figs.  2 
y  so  that  they  are  without  support  along  the  line  of  division, 


Fig.  2. 


Fig.  8. 


appen  that  by  the  giving  way  of  some  soft  or  unconsolidated 
(5),  at  any  depth,  from  a  few  feet  only,  down  to  the  molten 
wedge-shaped  masses  (e)  extending  parallel  to  the  fissure 
1  On  a  Bemarkable  Dyke  in  the  Serpentine  of  the  Lizaxd. 
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would  break  off  (d)  and  slipping  down  strike  against  the  opposite 
wall  (Fig.  Se)  and  thus  fill  up  the  fissure.  An  immediate  effect  of 
the  impulse  must  be  the  ooourrence  of  an  earthquake  shock,  more  or 
less  intense,  according  to  such  various  conditions  as  the  az»  and 
weight  of  the  falling  mass,  the  space  through  which  it  falls  or  slips, 
the  structure  of  the  rocks  involved,  and  other  ciroumstanoes.  If 
from  a  subsequent  change  this  enlarged  area  is  placed  in  a  restricted 
position,  the  compression  thus  caused  not  only  affects  to  a  certain 
extent  the  dip  of  the  strata,  but  causes  the  'fault-rook'  included 
within  the  crevice  to  be  compressed  into  slabs  lying  parallel  to  the 
sides  of  the  fault,  forming  a  coarse  but  true  slaty-cleavage.  This 
cleavage  is  of  very  frequent  occurrence  in  the  north  and  south  or 
main  faults  in  the  Triassic  sandstone  of  the  district  around  Liverpool 

In  the  Presidential  address  to  the  Liverpool  Geological  Society  for 
the  Session  1872 — 1873Mt  was  explained  that  the  occurrence  of 
earthquakes  (not  including  some  connected  with  volcanic  eruptions) 
was  due  to  the  formation  of  faults,  each  of  which  must  register  at 
least  one,  or  probably  a  succession  of  earthquake  shocks.  The 
examination  of  strata  has  as  yet  discovered  no  other  cause  than  the 
formation  and  settling  down  of  geological  faults,  capable  of  producing 
all  the  varied  phenomena  recorded  as  accompanying  earthquakes, 
including  that  of  the  huge  sea  waves,  which  not  infrequently  are 
one  of  their  most  destructive  accompaniments,  when  oocurring  near 
the  coast ;  being  probably  caused  by  the  rushing  of  water  into  the 
trough  (Fig.  3*)  formed  by  the  depression  of  the  faulted  mass,  immedi- 
ately succeeded  by  the  consequent  rebound ;  at  all  events  these  waves 
are  not  due  to  the  shock  of  the  earthquake,  for  some  occurring  in  the 
near  neighbourhood  of  the  sea,  as  in  that  of  Essex  (1884),  and  in 
North  America,  at  Charleston,  S.  Carolina  (1886),  were  entirely 
unaccompanied  by  such  disturbances  of  the  water. 

The  reporter  of  an  excursion  along  *'  the  line  between  the  High- 
lands and  the  Lowlands,"  made  in  1875  by  the  Geological  Class  of 
Edinburgh  University,  under  the  guidance  of  Professor  Archibald 
Geikie,  noticed  the  fact  that  Comrie,  celebrated  for  its  earthquake 
shocks,  lies  almost  directly  over  the  great  fault  extending  across 
Scotland,  170  miles  in  a  direct  line  from  Stonehaven  to  the  Isle  of 
Arran.  He  spoke  of  this  as  being  *'  the  first  attempt  to  connect  the 
abundance  of  tremors  at  that  place  with  the  geological  structure 
of  the  ground  underneath."'  Professor  J.  Milne,  F.R.S.,  of  the 
Imperial  College  of  Engineering,  Tokio,  infers  **  that  in  Japan  faults 
are  still  being  formed^  and  that  the  earthquakes  there  are  to  us  the 
announcement  of  these  fractures ; " ' ''  also  that  certain  earthquakes 
and  faults  are  closely  related  phenomena,  the  former  being  an  im- 
mediate effect  of  the  latter."  *  Dr.  H.  J.  Johnston-Lavis,  F.G.S.,* 
and  Mr.  G.  K.  Gilbert,  of  U.S.  Geological  Survey,'  refer  the  oc- 

^  Proc.  Liverpool  Geological  Society.  An  abstract  of  this  Essay  (<<  On  Fissures, 
Faults,  Contorbon  and  Cleavage,*'  by  Charles  Ricketts)  appeared  in  the  Gbolooical 
MAOABUfi,  Vol.  X.  1873,  p.  202. 

'  Nature,  toL  zii.  p.  93.  '  Brit  Assoc.  Report,  1881,  p.  201. 

^  Sarthqnakea  and  other  Earth  Movements,  by  John  Milne,  F.O.S  ,  1886,  p.  279. 

•  N9tQt%  JoL  zzui.  1881,  p.  498.  <  Nature,  vol.  xxix.  1883,  p.  46. 
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earreime  of  earthquakes  to  the  formation  of  fissures  described  as 
"  falling  *'  or  "  slipping  '* ;  the  blow  thus  ocoasioned  being  felt  as  an 
earthquake.  Fissures  and  displacements  likewise  occur  as  the  effect 
of  the  shook,  in  unconsolidated  strata  or  in  the  banks  of  rivers ; 
this  latter  was  especially  evident  in  that  of  Cachar,  East  Indies,  in 
1969 ;  bat  instances  have  been  recorded  in  which  an  extent  of  land 
has  at  the  time  of  the  shock  separated  and  changed  its  level  under 
such  oiroumstanoes  as  are  indicative  of  the  formation  of  these  faults 
having  originated  and  eauted  the  earthquake.  Several  have  been 
described  by  Lyell/  and  also  by  others. 

On  two  occasions  systematic  attempts  have  been  unsuccessfully 
made  (by  Mr.  Robert  Mallet  after  the  Neapolitan  earthquake  of 
1857  ;*  and  by  Dr.  Oldham  with  respect  to  that  of  Gaohar  in  1869 ; ') 
to  disooTer  the  exact  site,  the  cause  of  displacements,  or  the  changes 
which  originated  the  shocks,  by  tracing  back  the  secondary  efifects 
to  their  source.  Though  in  each  case  the  near  neighbourhood  whence 
the  shook  originated  was  determinedi  the  exact  cause  was  not 
discovered. 

Contortions  of  strata,  even  those  of  great  extent,  have  very 
generally  been  attributed  to  secular  cooling  of  the  earth,  consequent 
on  its  crust  being  compressed  into  a  •less  space  as  it  followed  the 
cooling  and  therefore  sinking  nucleus,  fiut  if  subsidence  has 
occurred  from  such  a  cause,  how  is  it  that,  with  an  increasing  loss 
of  caloric,  the  areas  supposed  to  have  been  depressed  in  this  manner 
have  been  again  raised,  it  may  be  to  a  greater  height  than  that 
which  they  previously  occupied  ?  Sir  Charles  Lyell  remarked  that 
"the  wide  extent  in  North  America,  and  in  parts  of  Russia,  of 
Carboniferous,  Devonian,  and  Silurian  strata,  which,  although 
upraised  above  the  sea,  continue  almost  as  level  as  when  the  beds 
were  first  thrown  down  beneath  the  waters,  clearly  demonstrates 
the  limitation  of  the  agency,  to  which  great  foldings  and  contortions 
of  stratified  rooks  have  been  due,  to  very  confined  spaces  in  each 
epoch ;"  *  but  as  these  localities  are  to  a  great  extent  situated  in 
r^ons  of  excessive  cold,  in  some  so  intense  that  the  ground  is 
frossen  to  the  depth  of  many  hundred  feet,  it,  1  think,  likewise 
follows  that,  if  loss  of  heat  can  induce  flexures,  it  must  be,  as  in 
these  instances,  to  a  very  limited  extent 

Mr.  T.  Mellard  Reade,  F.G.S.,  considers  "there  is  a  fallacy  in 
the  reasoning  which  attributes  the  corrugation  of  the  earth's  surface 
to  the  contraction  of  the  nucleus "  and  "  has  arrived  at  the 
conviction  that  the  cooling  of  our  earth  has  not  extended  to  such  a 
depth  that  we  need  consider  the  internal  contraction  as  a  geological 
cause."* 

The  Rev.  Osmond  Fisher,  F.O.S.,  goes  farther ;  he  has  calculated 

*  Principle  of  Geolonr,  toL  ii.  chap,  zxyiii.-zxx. 

'  Rqwrt  of  the  Boyiu  Sodetj  of  Xondou  to  inyestigate  the  great  Neapolitan 
Mrthoiuke  of  1867. 

>  Ifemoin  of  GeoL  Surrey  of  India ;  toL  xiz. ;  also  Quart.  Journ.  Geol.  Soc. 
Tol.  xxTiii.  p.  266. 

«  Quart.  Jouro.  GeoL  Soe.  toL  tL  p.  zlii. 

*  Origin  of  Mountain  Ranges,  p.  126. 
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what  would  be  the  effects  of  contraction  of  the  {j^be  in  codling, 
upon  the  snppoeition  of  the  temperature  of  adiidification  being 
reepcNotiyely  TOOO'  Fahr.  and  4000°  Fahr.  The  roault  arrived  at  i% 
that  in  the  former  caae  the  contraction  of  the  ladiua  would  be  tix 
milea,  and  in  the  latter  two  miles  only ;  that  the  mean  heiglits  of 
the  surface-elevation  formed  by  compression  would  amount  in  the 
one  to  19  feet  and  in  the  other  to  only  two  feet ;  ^  that  is,  as  I 
understand  him»  the  mountains  caused  by  this  supposed  contraction 
of  the  earth  in  coolin|i;  might,  in  one  case,  be  so  high  as  a  moderate 
sized  cottage,  in  the  other,  as  that  of  a  dog-kennel.  This  being  so^ 
well  may  Mr.  Fisher  exclaim,  "  Nascumiur  mtmUs^  gemuU  qwt 
riddculus  mns ! ;  "  which  may  be  translated,  "  The  mountains  axe 
bom,  an  insignificant  mouse  is  their  mother!"  This  calculation 
corroborates  what  has  been  previously  alluded  to  as  to  the  com- 
paratively small  effect  subsidence  has  in  causing  lateral  pressure  or 
a  tendency  to  cause  contortions.  Too  much,  far  too  much,  has  been 
accredited  to  the  effects  these  movements  could  produce  in  causing 
lateral  pressure.  Certainly  in  many  instances  where  there  has 
occurred  great  disturbance  of  the  strata,  by  their  becoming  contorted 
and  folded  and  dipping  various  ways,  depression  to  a  great  extent 
has  also  taken  place ;  whereas  in  others,  where  it  can  be  proved 
that  there  has  been  at  least  as  great  an  amount  of  subsidence,  the 
strata  continue  as  level  or  nearly  so  as  when  first  deposited.  The 
difference  between  the  conditions  in  the  different  localities  is  so 
great,  that  the  contortions  cannot  be  referred  to  vertical  movements 
common  to  each. 

There  are  other  flexures  dependent  on  minor  local  causes  not 
necessary  to  be  considered  at  the  present  time. 

An  important  step  towards  determining  the  causes  of  foldings  in 
strata  must  be  to  ascertain,  so  far  as  is  possible,  at  what  period  they 
were  produced.  Where  they  exist  to  the  greatest  extent,  especially 
in  deposits  formed  of  fine  mud;  cleavage  has  also  been  frequently 
developed,  and  the  particles  have  so  changed  their  relative  position 
that  the  embedded  fragments  of  rock  lie  with  their  longer  diameter 
obliquely  to  the  stratification,  and  the  flatter  sides  parallel  to  the 
direction  of  the  cleavage ;  included  fossils  are  distorted,  the  lower 
portions  being  often  pressed  into  their  substance,  whilst  the  upper 
have  become  elongated ;  indicating  that  the  expansion  has  been  from 
below  upwards.  Both  contortion  and  cleavage  arise  from  lateral 
compression ;  it  is  therefore  assumed  that  the  same  power  that  has 
caused  the  one  has  at  the  same  time  also  caused  the  other.  Such 
changes  must  have  taken  place  before  the  original  pasty  condition  of 
the  strata  became  so  consolidated  as  to  prevent,  on  the  application  of 
pressure,  movement  of  the  particles  of  which  the  mass  oonsists 
amongst  themselves.  This  might  be  at  any  period  prior  to  these 
clayey  rocks  becoming  solidified  by  their  being  raised  above  the 
sea  level,  and  the  consequent  drainage  of  their  contained  water,  or 
from  other  causes.  Great  power  has  been  exerted  in  the  production 
of  these  flexures ;  but  there  is  no  indication  of  violence ;  their  state 

1  Fhil.  Mag.  Jan.  1888 ;  tee  also  for  Not.  1887. 
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leidee  with  a  snggestion  of  Lyell's,  that  "  they  have  been  the 
lit  of  intenae  preaaure,  ao  moderated  as  to  be  just  sufficient  to 
roome  the  reaistanoe  oppoaed  to  it ;  and  that  thia  motion  haa  been 
naenaible  aa  the  unfolding  of  the  petals  of  a  flower."  ^ 
^feaaor  A.  Favre  of  Geneva  gives  in  *'  La  Nature  "  illustrations 
)xperimenta '  in  whioh  layers  of  plastio  olay  were  laid  upon  a 
at  of  caoatchoncy  atretohed  one-third  more  than  its  length ;  on 
ig  allowed  to  resame  ita  normal  dimensions,  the  bands  of  olay 
na  diminiahed  to  that  extent,  and  became  greatly  contorted.  The 
terimenta  were  conceived  for  the  purpose  of  illnstrating  the 
thod  of  formation  of  the  great  inequalitiea  on  the  earth's  surface, 
h  as  mountaina,  eta,  by  means  of  lateral  thrust  or  crushing, 
ioh  are  oonaidered  by  him  to  be  due  to  the  cooling  of  the  earth. 
9j  do  not  appear  at  all  applicable  in  explaining  the  cause  of 
inenoea  and  depreastona  in  the  contour  of  the  land ;  they  more 
rly  repreaent  those  foldings  and  contortions  of  strata  whic^  have 
n  universally  attributed,  since  the  time  of  Sir  James  Hall,  to 
)ral  preaaure ;  but  it  ia  too  much  to  conceive  that  from  any  oon- 
ition,  whether  by  loss  of  heat  or  otherwise,  extensive  areaa  have 
n  compreaaed  into  a  third  less  than  their  original  dimensions ;  aa 
1 18  a  condition  of  by  no  means  infrequent  occurrence  in  geological 
nations,  the  cause  of  the  compression  and  consequent  foldings  of 
kta  must  be  searched  for  in  other  directions. 

{To  bg  continued,) 

YIII. — On  a  C(eluboid  Dinosaur  from  the  Wealdkn. 

By  B.  Ltdbxkxb,  B.A.,  F.O.S.,  etc. 

r  going  through  the  remains  of  Chelonia  preserved  in  the  British 
Museum  I  came  across  two  vertebrsB  from  the  Wealden  of  the 
)  of  Wight,  which  had  been  inadvertently  included  in  that 
iea.  These  specimens  (B.M.  No.  R.  901)  formed  part  of  the 
lection  of  the  late  Bev.  Mr.  Fox,  and  clearly  indicate  a  small 
losaur  allied  to  the  genua  CoBlurus. 

)oth  specimens  belong  to  the  cervical  region,  and  are  precisely 
lilar ;  but  whereas  one  is  almost  entire,  the  other  has  lost  nearly 
whole  of  the  neural  arch.  The  former  apecimen  is  repre- 
ted  of  two-thirds  the  natural  aize  in  the  accompanying  woodcut ; 
tn  which  it  will  be  seen  that  it  is  practically  entire,  with  the 
leption  of  the  loss  of  the  greater  part  of  the  ribs  (see  p.  120). 
rhe  chief  characters  of  this  specimen  may  be  summarized  as 
lows.  The  vertebra  is  considerably  elongated,  with  a  markedly 
sthocoelous  centrum,  of  which  the  terminal  faces  are  oblique, 
e  arch  is  comparatively  low,  with  only  a  slight  ridge  to  represent 
I  neural  apine.  llie  ribs  were  anchylosed  to  the  arch  and 
itrum,  and  (from  the  contour  of  the  basal  portion)  were  evidently 
ch  bowed  outwards.     The  sides  of  the  centrum  exhibit  a  pneu- 

Qxuari.  Joum.  Oeol.  Soe.  vol.  vi.  p.  Ixiii. 

They  are  copied  in  «*  Nature,"  yoL  xix.  December  6,  1878,  p.  108.  The  Key. 
lond  Fisher  has  reprodaced  one  in  **  Physics  of  the  Earth's  Crust/'  p.  128,  but 
I  not  coindde  witii  the  deduetioB  Prat  FaTie  draws  from  the  ezperimenti. 


130  £.  Lydekktr—A  Wealden  Caluraid  pftutaur. 

matio  fi>mnen,  naA  a  fivotora  aoroM  the  oentram  of  the  imperTeet 
■peoimdn  ihaws  that  the  ioner  struoture  was  completely  honej- 
oombad.    The  length  of  the  oentram  U  1*71  inohea. 


Antflrioi  tnd  left  literal  upecti  of  ■  cerrical  vertebra  of  Ctbmvijxmdii/liu  An,' 
from  the  Wealden  of  the  I«Ie  of  Wight,  )  nst.  eixe  ;  pn.  prezygapophTTti  ;  pU. 
poatiTgapophyiii ;  r.   rib  (nstored) ;  /.   pnenmitic  foramen  ;   (.  neiml  ipina. 

These  featares  show  that  the  reptile  to  which  these  vertebra 
belonged  was  aloaely  allied  to  the  genns  Calurvt,  Marah;'  and  it 
remains  to  iudioate  in  what  manner  the  two  fonns  differ.  Now,  in 
the  Amerioan  C.  fragili*,  and  alto  in  C.  Davieti*  of  the  Engliih 
Wealden,  the  oervioala  were  longer  than  the  present  specimen,  and 
while  the  anterior  ones  were  opietboctelons,  the  others  were  amphi- 
coelouB.*  Again,  the  verlebm  of  Calttrvt  have  the  arch  plaoed  more 
forward!;  on  the  centrum,  so  that  the  prezjgnpophyees  project  more 
in  advance  of  the  terminal  ball  of  the  latter;  while  the  free  posterior 
border  of  the  rib  is  extended  backwards  to  join  the  postzygapophysie, 
and  thus  forms  a  kind  of  penthouse  over  the  side  of  the  oentrum. 
This  penthouse  seems,  moreover,  to  cause  a  flattening  of  the  lateral 
and  upper  surfaoe  of  the  arch,  which  is  quite  wanting  in  the  present 
specimens ;  while  the  ridge  representing  the  nearal  spine  U  mach 
more  elongated  an lero- posteriorly  in  Ceelurui. 

Other  minor  differences  can  be  seen  by  comparing  the  woodcnt 
¥rith  the  figures  given  by  Prof.  Marah ;  but  the  above  features  are 
sufficient  to  indicate  that  the  present  form  cannot  be  included  in 
CmlvTvt,  if  we  use  generic  terms  in  the  sense  in  which  they  have  been 
generally  accepted  in  the  Theropoda,  but  that  it  clearly  indicates  a 
member  of  the  same  bmily. 

Now,  putting  aside  the  specimen  on  which  the  genns  Theco$p<m- 
di/lut  was  based  as  being  too  imperfect  to  admit  at  present  of  any 
interpretation  of  its  affinity  ;*  the  only  other  genus  which  appeara 
to  have  been  hitherto  referred  to  the  Coelurida  is  Tany»lroph»Ht  of 
the  Trias,  which  Prof.  Cope  considers  to  be  allied  to  Grlurut.  In 
the  abaenoe  of  figures  of  the  American  forms  referred  by  Prof.  Cope 
to  Tanystrophottt,  an  exact  comparison  cannot  be  instituted  between 


'  Amer.  loam.  Bd.  ter.  S,  toI.  iii  p.  311,  pL  i.  (I8SI). 

*  See  Ljrdekker,  C«t.  Foea.  Repl.  nnd  Amphib  Brit  Mu>.  pt.  L  p.  IS6  (1888). 

■  In  the  deBnition  of  the  CalnritUi  od  p.  ISS  of  the  Tork  W  cited,  the  wnrdi  ii 
iteriot  region  are  omitted  brfore  the  word  opiithocmloui. 

*  Prof.  SeeU;  hi*  propowd  to  nfer  Cttlirvi  Oavttti  to  tbii  geniu. 
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its  oerrioalfl  and  the  present  speoimens ;  but  a  marked  distinction  is 
evident  by  the  amphicoelons  oharaoter  of  the  former.  There  b, 
however,  in  the  Wealden  the  genus  ArisiotuchuSj  which  appears  to 
be  allied  in  some  respects  to  Caelurus,  and  of  which  the  type  may  be 
taken  to  be  the  sacrum.^  Now  the  present  specimens  are  much  too 
large  for  that  sacrum,  and  therefore  clearly  indicate  a  distinct 
•pecies ;  while  if  the  dorsal  vertebra '  referred  to  Aristosuchus  be 
rightly  associated,  we  have  evidence  not  only  of  the  generic,  but 
also  of  the  family  distinction  of  the  present  form  from  the  latter. 

Seeing,  therefore,  that  we  have  evidence  of  the  generic  distinction 
of  this  form  from  Ccelurus  and  TanystrophauSf  and  also  of  its  certain 
Bpeoiiio  and  probable  generic  distinction  from  Arigtosuchus,  I  have 
Tentnred  provisionally  to  regard  it  as  the  type  of  a  new  genus  and 
species  under  the  name  of  Calamospondylus  Foxu  This  genus 
being  characterized  by  the  opisthoccelous  character  of  such  of  the 
cervical  vertebne  as  are  known,  and  by  the  much  shorter  length  of 
these  vertebras  as  compared  with  those  of  Coslurus. 


IX. — Note  on  the  Deoiduotjs  Septa  of  Ascocebas  MuRCHisoifi, 

Barbande. 

By  Abthitr  H.  Foord,  F.6.S. 

AN  interesting  paper  has  lately  been  contributed  to  this  Magazine 
(December,  1888,  p.  532),  by  Dr.  Gustav  Lindstrom,  of  Stock- 
holm, in  which  he  announced  his  discovery  of  the  earlier,  or  NautUua- 
stage,  as  he  termed  it,  in  several  specimens  of  Ascoceraa  from  the 
Silurian  of  the  Island  of  Gothland.  I  find,  however,  in  looking  over 
the  supplementary  volume  of  the  Syst  Sil.  du  centre  de  la  Boheme,^ 
that  Dr.  Lindstr6m*s  discovery  has  been  anticipated  by  M.  Barrande, 
who  observed  and  described  two  of  the  normal  chambers  (NautiluB- 
stage,  of  Lindstrom)  attached  to  a  specimen  of  Ascoceraa  Murchisoni 
from  the  Silurian  strata  (£tage  E)  of  Earlstein  in  Bohemia.  I  give 
here  a  translation  of  Barrande's  description,  together  with  exact 
copies  of  the  figures  accompanying  it,  and  the  explanations  of  the 
same.  A  copy  of  Dr.  Lindstrdm's  figure  is  also  added  for  compari- 
son with  Barrande's. 

"  We  have  always  assumed,  especially  in  the  original  description 
of  the  genus  Aacoceras,*  that  there  existed  below  the  body-chamber 
a  series  of  deciduous  air-chambers  which  became  successively 
detached  from  the  shell  by  normal  truncation.  This  supposition  is 
confirmed  by  the  specimen  which  we  figure  on  plate  491.  It  is  quite 
apparent  that  fig.  3  on  this  plate  [see  p.  122.  Fig.  1]  represents  a 
Bpecimen  which  is  distinguished  from  all  those  before  figured  upon 
our  plate  95,  by  the  relative  length  of  the  septate  part  which  remains 
attached  to  the  body-chamber.    This  septate  part,  when  examined, 

>  Ljdekker,  <^.  eit,  p.  168.  B.  178.  '  Ibid,  R.  178,  a. 

*  Vol.  ii  pt.  i.  1 877,  Suppl^m.  et  S^rie  tardive,  p.  98,  plate  ccccxci.  figs.  3-7. 

*  Atcoceras  prototype  des  Nautilidea,  Bull.  8oc.  g^l.  de  France,  tome  xii.  p.  157, 
1856. 
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riiowi  dJBtinotl;  two  ali^liunben  of  very  nneqnal  b«ight,  and 
bounded  by  three  anperpoied  septa,  in  the  following  order : — 

"1.  Terminal  eeptnm  of  the  body-ohambWi  as  aeen  ia  oUur 
eumples  of  Atcoeera*. 

"  2.  Septum  plaoed  below  the  preceding,  at  s  distanM  of  abont 
7  mm.  from  the  body-ohamber.  A  like  distanoe  has  never  been 
obaerved  in  anv  other  speoimen  io  which  two  septa  oould  be  reoognized 
below  the  body-chamber. 

"  3.  Terminal  septum,  rituated  about  2  mm.  below  tbe  preoeding 
one,  and  oonatituting  the  abrapt  truaoation  oharaoteriitio  of  tbe 
posterior  extremity  of  Ateoeertu. 

"This  truncated  end  ia  very  distinct  and  has  a  smooth  snrfaoe. 
Hie  edge  of  the  test  is  seen  around  its  external  border,  and  from 


Fig.  I.  Lateral  xiew  of  Atcecerai  Murch  torn  Barr.,  showing  the  bodT-chambec 
nearly  cooiptete,  eiceptJng  tbe  raargin  of  tbe  aperture.  The  fonec  part 
preaenU  «  longitudiaal  section,  ebowing  tbree  lery  nnequsllj  apaced  acpta, 
abrupt! J  truncated  l>elow. 

Fig.  S.  Tranarerte  lection  of  the  aama  Bp«cinien.  following  tbe  tine  <■ — b  (Fig.  1). 

Fig.  3.  Lover  extremity  of  the  same  apecimen,  enlarged  tvice,  to  sliaw  moi* 
clearly  the  three  eepta. 

Fig.  4.  Surface  of  terminal  aejitum  (pan  coupf)  of  the  aame  apecimen  ;  bordered  by 
the  edge  of.  tbe  teat,  which  la  here  bruken  by  natural  truncation.' 

Fig.  G.  .^«v>ivrai,  after  LindatTom. 
'  Pig  7  of  Barrande'a  plate,   an  enlargement  ot  tbe  onamenti  of  tbe  te*t,  ii 

amitted,  aa  unnecesaary  for  the  pceieDt  purpoje. 

this  border  the  test  spreads  over  the  external  surface  of  the  fossil, 
and  exhibits  tbe  oroameDtation  cbaraoteristia  of  this  species,  oon* 
Btsting  of  a  net-work  of  fine  striie. 
"The  phenomena  jnst  deaoribed  clearly  prove  that,  in  AMeoeem, 
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M  in  VBrions  genera  of  Nantfloid  shells,  the  earlier  part  of  the  shell 
was  composed  of  a  series  of  air-ohambers,  and  that  these  chambers 
were  penodicallj  thrown  off  by  natural  truncation. 

"  Judging  by  the  form  of  the  lower  part  of  the  specimen  under 
disoiiMion»  it  may  be  presumed  that  the  series  of  deciduous  septa 
was  oonsideimbly  elongated,  and  that  truncation  took  place  at 
Boooessire  periods. 

"  The  length  of  the  specimen  described  is  48  mm.,  and  its  greatest 
breadth  18  mm 

"  This  very  instructive  fossil  was  found  at  Earlstein,  together  with 
numerous  examples  of  the  same  species,  in  the  limestones  of  band 
e  2.  It  may  be  added  that  this  specimen  has  been  in  our  possession 
for  many  years,  but  it  was  not  until  the  spring  of  1875  that  we 
decided  to  have  a  longitudinal  section  made  at  its  posterior  extremity 
[see  Fig.  1],  which  resulted  in  the  discovery  of  three  unequally 
spaced  septa." 

Although,  as  we  have  seen,  Barrande  was  the  first  to  observe  and 
to  describe  the  deciduous  septa  of  Ascoeeras  in  Bohemia,  Dr. 
Lindstrom's  recent  discovery  of  similar  septa  in  Swedish  specimens 
is  extremely  interesting,  and  warrants  us  in  hoping  that  by  still 
farther  research  the  initial  chamber  of  Ascoceras  may  be  brought  to 
light,  and  thus  complete  our  knowledge  of  this  singular  genus. 


I. — Om  Lias  i  Stdostra  SkIne.  Af  Jon.  Chr.  Mobebg.  Konol. 
Sybnska  Vbtenskaps-Akademiens  Handlinoar.  Bdt.  22,  No.  6. 
Stockholm,  1888. 

Ox  THE  Lias  in  South-Eastern  Soania.  By  J.  C.  Moberq.  4to. 
86  pp.  with  One  Map  and  Three  lithographed  Plates. 

FOM  several  places  in  the  neighbourhood  of  Eurremolla  in  the 
south-east  of  Scania,  Dr.  Moberg  discovei'ed  in  beds  of  shale 
aud  sandstone  associated  in  places  with  thin  beds  of  coal,  a  series  of 
fossils  differing  materially  from  those  occurring  iu  the  Liassic  strata 
of  other  parts  of  the  same  province.  The  forms  which  mostly  belong 
to  lamellibranchiate  Mollusoa  are  carefully  described  and  figured  in 
the  present  memoir.  They  number  in  all  64  species,  of  which  52 
are  determinable,  and  25  new  forms.  From  a  comparison  of  the 
known  forms,  the  author  concludes  that  the  Eurremolla  Lias  fauna 
represents  the  zones  of  Ammonites  Bucklandif  Am.  zipihust  and  Am, 
Jamesoni,  and  that  although  there  is  a  considerable  number  of 
fossils  belonging  to  the  Lower  Lias,  yet  the  most  characteristic  forms 
indicate  that  it  is  equivalent  to  the  lowest  part  of  the  Middle  Lias. 
It  is  thus  on  the  same  horizon  as  the  Lias  of  the  Island  of  Bornholm 
and  higher  in  the  series  than  the  Liassic  strata  of  the  north-west  of 
Scania.  G.J.H. 
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U.— L18T  OF  THS  Fossil  Faunas  of  Swkdsk.  Edited  by  the 
Paladontolo^cal  Department  of  the  Swedish  State  Museum 
(Natural  History).  II.  Upper  Silurian.  Stockholm,  1888, 
Norstedt  and  Sons.     Svo.  29  pp. 

THIS  second  part  of  the  List  of  Swedish  fossils,  prepared  by  Prof. 
G.  Lindstrom,  contains  the  names  of  the  species  occurring  in 
the  Upper  Silurian  strata  of  that  country.  The  principal  locality  in 
which  rocks  of  this  period  are  developed  is  the  Isle  of  Gotland, 
from  which  place  no  fewer  than  960  species  are  recorded,  and, 
according  to  Prof.  Lindstrom,  this  number  will  be  oonsiderably 
increased  when  all  the  fossil  groups  are  thoroughly  worked  out  C^ 
those  already  studied  in  detail  the  Crustacea  number  133  species, 
the  Gasteropoda  192  species,  the  Brachiopoda  150  species,  and  the 
Crinoidea  180  species.  The  Silurian  strata  in  Grotland  are  ranged 
under  eight  divisions,  corresponding  approximately  with  the 
divisions  of  the  same  rocks  in  this  country,  and  the  range  of  each 
species  in  the  different  divisions  is  carefully  noted.  Of  the  other 
localities  in  which  Silurian  rocks  occur  in  Sweden,  those  in  the 
province  of  Scania  have  yielded  75  species,  in  Dalecarlia  22  species, 
and  in  Jemtland  48  species.  G.  J.  H. 


m.  —  Ofvsrsiot    af    Sveriqbs    Mbsozoiska    Bildninoar.      Af 

o 

Bern  HARD    Lundoren.       (Ur    Lunds     Universitets    Arsskrift, 
Tom.  xxiv.),  Lund,  1888. 

A  Review  of  the  Mesozoio  Formations  of  Sweden.  By 
Bermhard  Lundoren.  (From  the  Yearbook  of  the  University 
of  Lund.)     4to.  37  pp. 

AS  is  well  known,  the  Mesozoio  strata  of  Sweden  are  exposed 
in  ailu  only  in  a  very  limited  tract  of  the  southern  part  of 
that  country,  and  they  are  but  very  imperfectly  represented  by  two 
groups  of  beds ;  a  lower,  belonging  to  the  Trias  and  older  beds  of  the 
Lias  ;  and  an  upper,  belonging  to  the  newer  beds  of  the  Cretaceous 
system.  In  the  present  memoir  Prof.  Lundgren  discusses  in  detail 
the  distribution,  the  petrographical  characters  and  the  fossil  contents 
of  these  various  beds,  as  well  as  their  relationship  to  the  corre- 
sponding strata  in  other  countries.  The  lower  series  of  beds  are 
included  in  (I.)  the  E^garod -group,  which  is  regarded  as  probably 
of  Eeuper  age;  and  (II.),  the  Coal-bearing  beds,  of  Khtetic  and 
Liassio  age.  The  interval  between  the  Lias  and  the  Upper  Chalk 
is  entirely  unrepresented,  and  it  is  probable  that  the  South  of 
Sweden  was  a  land  surface  at  the  time.  The  Cretaceous  beds 
belong  to  tbe  Lower  and  Upper  Senonian  and  the  Danian  stages. 
A  list  of  the  literature  on  the  subject  is  appended.  G.  J.  H. 
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J. — Pbof.  Db«  von  ZiTTiL  ON  Paliohthtoloot. 

Earl  A.  yok  Zittel,  Handbuoh  deb  Palaontologie.  Paueo- 
zooLooiB.  Band  HL  Lief.  L  II.  (B.  Oldenbourg,  Munioh, 
1887-88.) 

THE  latest  two  instalmentB  of  Prof,  von  Zitters  valuable  "Hand- 
buoh  "  form  the  first  part  of  the  third  volume,  whioh  is  to  be 
devoted  entirely  to  the  Yertebrata.  The  parts  oonsist  together  of 
436  pages,  extending  as  far  as  the  end  of  the  section  upon  Amphibia ; 
and  no  less  than  333  pages  are  occupied  with  the  discussion  of  the 
Pisces.  Woodcuts,  as  usual,  are  numerous  and  excellent;  and  in 
the  last-named  section  these  are  over  300  in  number,  while  many 
are  so  novel  for  a  text-book  that  to  glance  over  the  pages  is  quite 
refreshing. 

The  introductory  remarks  upon  the  class  of  Fishes,  in  which  we 
are  somewhat  astonished  to  find  Amphioxua  still  included,  occupy 
fifty  pages,  and  form  perhaps  the  most  philosophical  concise  account 
of  the  anatomy  of  the  fish-skeleton  that  has  hitherto  been  published. 
The  scales  are  first  treated  in  detail,  and  then  other  dermal 
structures,  like  spines  and  fin-rays;  next  follow  the  teeth;  and, 
lastly,  the  various  parts  of  the  endoskeleton.  Full  references  are 
given  to  the  principal  memoirs  ;  and  the  description  of  the  anatomy 
is  followed  by  some  brief  remarks  upon  the  systematic  arrangement 
of  the  class. 

As  remarked  by  Prof.  Cope,*  the  classification  adopted  is  one  of 
the  very  few  remnants  of  a  bygone  era  of  Ichthyology  to  be  noted 
in  the  work.  Moreover,  family-terminations  are  often  used  in 
ordinal-names,  and  ordinal-terminations  in  family-names ;  and 
whereas,  in  some  cases,  the  vernacular  designation  of  the  families 
is  placed  after  the  scientific  name  (e.g.  Notidanida  Grauhaie),  the 
non-German  reader  especially  is  liable  to  be  perplexed  in  other 
cases  where  precisely  the  same  punctuation  is  employed  and  an 
author's  name  is  substituted  (e.g.  ScylUolamnida  Hasse).  However, 
these  are  small  matters,  and  when  the  rich  store  of  information  is 
indexed,  the  work  will  be  as  convenient  for  reference  as  it  would 
have  been  had  the  principles  of  the  more  precise  systematists  of  the 
present  day  been  strictly  followed.  The  summary  is,  indeed,  so 
complete  to  the  date  of  publication  that  in  reviewing  the  work  it 
seems  most  profitable  to  note  the  bearing  of  later  researches  upon  the 
facts  and  speculations  recorded. 

Dismissing  the  unnecessarily  introduced  "  Leptocardii,"  the 
Cyclostomi  follow  for  consideration.  The  only  fossil  remains  said 
to  have  been  referred  to  this  "sub-class"  are  the  well-known 
ConodanU,  and  these  problematical  bodies  are  regarded  as  being  so 
doubtfully  assignable  to  the  Vertebrata,  that  they  are  treated  only 
in  a  long  footnote.  Zittel  and  Bohon's  conclusion  is  adopted,  that 
they  are  almost  certainly  annelid  jaws. 

1  American  Naturalist,  1887,  p.  1014. 
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Sblaohii. 

In  the  lengthy  seotion  upon  the  Plagiostomi  (about  50  pp.), 
special  prominenoe  is  given  to  the  important  researohes  of  Eolliker 
and  Carl  Basse  upon  the  structure  of  the  vertebral  column;  and 
there  are  several  clear  diagrams  to  illustrate  the  conclusions  of  the 
Breslau  Professor,  who  has  succeeded  in  determining,  at  least 
generically,  the  detached  fossil  vertebr».  The  Cydotpandylt,  TeeUh 
apondyli,  and  Aateroapondyli,  of  Hasse,  are  respectively  defined,  and 
then  follows  a  brief  account  of  the  earliest  traces  of  the  Selachian 
fishes  hitherto  discovered,  in  the  form  of  Onchtu,  Thdodus,  etc. 

The  systematic  description  naturally  commences  with  the  primitive 
NotidanidsB,  and  the  loog-lived  Notidanus  itself  is  recorded  as  the 
only  undoubted  member  of  the  family  as  yet  recognized;  the 
diagram  illustrating  the  dentition  of  the  genus,  however,  is  accident- 
ally overturned,  the  lower  jaw  being  placed  uppermost  It  may  be 
well  also  to  add  that  a  fossil  representative  of  Chlamydoselache  is 
now  known  from  the  Pliocene  of  Italy.^ 

Of  the  extinct  family  of  HybodontidsB,  as  defined  by  Zittel,  the 
recognized  generic  types  are  similarly  but  few;  no  well-known 
forms  besides  Hyhodus  and  Cladodus  being  regarded  as  referable  to 
this  division  with  certainty.  More,  however,  is  known  of  the  type 
genus  than  the  author  records ;  reference  might  have  been  made 
to  the  characters  of  the  shagreen,  and  especially  to  Charlesworth  * 
and  Day's'  determination  of  the  so-called  Sphenonckm  as  a  cephalic 
dermal  spine  of  Hybodus.  At  the  present  time,  also,  we  are 
acquainted  with  a  portion  of  the  head  and  vertebral  column  of  a 
closely  allied  fish  from  the  Chalk.^  In  fig.  62,  the  letters  a  and  b 
are  transposed. 

The  CochliodontidsB  follow  the  Hybodonts,  and  form  an  unsatis- 
factory "  family,"  of  which  no  structural  characters  beyond  those  of 
the  teeth  (except  perhaps  in  Pleurodua)  are  known.  Full  references 
are  given  to  the  numerous  detached  teeth  named  by  Agassiz,  McCoy, 
St.  John,  Worthen,  Newberry,  and  James  W.  Davis ;  to  which  is 
added  a  notice  of  Traquair's  important  discovery  of  the  jaw  of 
PsephoduB  in  the  Scotch  Carboniferous.  A  new  genus,  Chalcodui, 
is  also  founded  upon  a  jaw,  having  each  ramus  armed  with  a  single 
thin  dental  plate,  from  the  Eupferschiefer  of  Thiiringia.  So  far  as 
external  features  are  concerned,  this  fossil  is  very  suggestive  of  the 
teeth  of  Squaloraja  from  the  Lias,  and  it  would  be  interesting  to 
know  to  what  extent  there  is  an  agreement  in  microscopical  structure. 

To  the  still-surviving  Cestracion tides,  Orodus,  Acrodua,  Strophodua, 
and  other  genera  are  referred,  and  excellent  illustrative  figures  are 
given.  Owen's  mistake  of  assigning  to  Ceatracion  a  side-view  of  the 
jaws  of  Myliobatia  is,  however,  repeated  (^g,  69).  The  arrange- 
ment adopted  again  reminds  us  of  the  extreme  imperfection  of  our 
knowledge  of  the  extinct  allies  of  Ceatracion,     The  true  Acrodtu 

1  J.  W.  Davis,  Proc.  Zool.  Soc.  1887,  p.  542. 
>  Mag.  Nat.  Hist.  if.s.  toI.  iv.  (1889),  p.  245,  pi.  ir. 
'  Gbol.  Mao.  Vol.  II.  (1866),  p.  665. 
*  Proc  Zool.  Soc  1886,  p.  218,  pi.  xi. 
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/not  indnding  the  so-called  A.  falmftr)  passes  imperoeptibly  into 
EtfhoduM^  so  far  as  the  dentition  is  ooncemed ;  and  in  the  two  genera 
the  dorsal  fin-spines,  head-spines,  and  shagreen  are  identical.  Never- 
theless, Hifbodt9M  is  the  type  of  the  "  Hybodontidee  *' ;  Acrodus  is  by 
oommon  consent  admittcMl  into  the  Cestraciontid®.  Already,  the 
prog^ress  of  lesearoh  begins  to  suggest  emendations.  Ptychodua 
proves  to  have  not  the  slightest  affinity  with  the  Ceetracionts  ;  *  and 
it  is  somewhat  misleading  to  mention  in  connection  with  the  teeth  of 
this  genus  the  large  ribbed  spines,  which  are  afterwards  correctly 
referred  to  PeleeopteruB  [^=zProto8phyrcBna]  in  the  section  on  Ichthyo- 
dorulites,  though  truly  pertaining  to  a  Teleostean  fish. 

The  Soylliidas  and  Scylliolamnidas  are  not  of  much  palaeontolog^cal 
importance,  but  the  succeeding  Lamnidaa  and  Carchariidee  naturally 
occupy  a  considerable  space  for  full  treatment  Doubt  is  rightly 
oast  upon  the  supposed  Carboniferous  representatives  of  these  families, 
and  SphenoduM,  of  Jurassic  age,  is  recorded  as  the  earliest  undoubted 
member  of  the  Lamnidao  yet  known.  Meristodon  is  given  as 
a  synonym  of  Oxyrkina,  but  the  type- specimens  in  the  British 
Museum  are  fragments  of  Hybodont  teeth ;  Otodua  is  retained, 
though  with  a  reference  to  its  suggested  demolition  by  F.  Noetling ; 
and  Corcuc,  as  usual,  is  also  placed  in  this  family.  In  the  description 
of  Careharodon,  the  omission  to  note  C.  longidens,  Pillet,'  is  perhaps 
unfortunate,  this  tooth  being  supposed  to  occur  in  beds  equivalent  to 
the  Maastrichtian,  while  all  other  undoubted  representatives  are 
Tertiary.  On  p.  83  Alopiopsis  is  misprinted  Hopiopsis,  and  this  ought 
to  be  placed  as  a  synonym  of  ProtogcUeus,  Molin  (Sitzungsb.  k. 
Akad.  Wiss.  Wien,  vol.  xl.  1860,  p.  683). 

The  SpinacidiB,  with  cyclospondylio  vertebr»,  are  next  considered, 
and  the  Liassio  Palaospinax  holds  its  accustomed  place  as  their 
earliest  recognized  representative.  Quite  lately,  however,  this  fish 
has  been  found  to  possess  an  anal  fin,  and  to  have  many  vertebrsa 
feebly  asterospondylic ;  and  these  characters,  together  with  those  of 
the  teeth,  remove  it  to  a  position  among  the  Hybodonts.^  The  so- 
called  Spinax  primavuB,  from  the  Lebanon  Chalk,  is  assigned  to 
Centrophorus  (after  Hasse),  and  fragments  of  other  genera  and 
species  are  recorded  both  from  the  Chalk  and  Tertiaries.  But  it  is 
time  that  the  Cretaceous  "Spinax  major"  were  entirely  omitted 
from  lists,  such  smooth  dorsal  spines  being  indeterminable ;  and 
Egerton^  and  Hasse*  have  both  shown  that  some,  if  not  all,  of  the 
fossils  in  question  are  Cestraoiont 

The  primitive  family  or  group  of  Xenacanihida  follows.  The 
remarkable  preservation  of  the  Continental  Permian  specimens  of 
Xenacanthus  renders  possible  a  somewhat  detailed  account  of  the 
hard  parts  of  this  genus,  and  thus  throws  considerable  light  upon 

^  Quart.  Journ.  GeoL  Soo.  vol.  xliii.  (1886),  p.  121 ;  Proc.  Geol.  Assoc,  vol  x. 
(1888),  p.  295. 
'  Mkn.  Acad.  Sci.  Saroie,  [3]  vol.  ix.  1883,  p.  277. 
»  Geol.  Mao.  [3]  Vol.  V.  (1888),  p.  499. 

*  Mem.  Geol.  Sury.  Deo  xiii.  (1872),  pi.  ix. 

*  Neam  Jahrb.  1883,  toI.  ii.  p.  66. 
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the  affinities  of  the  family.  The  oharaotera  of  the  peotond  fins, 
indeed,  would  justify  its  being  plaoed  in  a  muoh  more  isolated 
position  than  that  it  oocupies,  as  already  suggested  by  Cope  ^  from 
features  in  the  structure  of  the  skull,  and  lately  by  G.  Brongniart* 
from  more  general  considerations.  XenacanthuSy  PleuraeanihuB,  and 
OrihaeanthuB  are  separately  described ;  though,  with  Mr.  J.  W. 
Davis,'  we  fail  to  appreciate  the  distinctive  features. 

The  Squatinidsd  intnxluce  the  series  of  teotospondylio  Selachians. 
This  family  is  first  recorded  from  the  Lithographic  Stone  of  Bavaria, 
and  in  addition  to  the  ordinary  recognized  species  of  this  age,  the 
author  includes  the  fragmentary  fossil  from  the  corresponding 
formation  in  Ain,  France,  named  Phorcynis  catulina  by  Thiolli^re. 
A  figure  of  a  most  perfect  example  of  Squatina  alifera  from  Eich- 
statt  is  given,  showing  for  the  first  time  that  the  median  fins  are 
arranged  precisely  as  in  the  living  species. 

At  this  point  Dr.  von  Zittel  defines  and  explains  the  "Unter- 
ordnung  Batoidei"  (mainly  after  Oiinther),  and  includes  therein 
the  remaining  Selachian  families.  The  Pristidse  (Saw-fishes)  are 
believed  to  be  represented  by  vertebrsd  in  the  Chalk  (very  doubt- 
fully determined),  but  remains  of  the  characteristic  snout  have  not 
hitherto  been  recognized  from  beds  below  the  Eocene.  Most  of  the 
latter  fossils  are  referred  to  Pristis,  and  a  few  from  Egypt  to 
PropristiSf  Dames.  To  these  may  now  be  added  AmblyprUtU, 
Dames  (antea  p.  28). 

The  definition  of  the  Pristiophoridaa  demonstrates  the  illogical 
nature  of  the  *' Unterordnung,"  one  family -chairsicier  being  noted  as 
*'  Kiemenofi^nungen  seitlich  gelegen,  nicht  auf  der  Unterseite,"  while 
on  the  previous  page  exactly  the  reverse  (''  Kiemenspalten  auf  der 
Unterseite")  occurs  unqualified  in  the  definition  of  the  major 
division.  Only  doubtful  vertebraa  of  Pristiopboridsd  are  known 
from  the  Tertiaries ;  but  the  Liassic  Squaloraja  polyspondyla  is  also 
assigned  to  this  family — a  position  from  which  later  researches  have 
necessitated  its  removal.* 

The  Psammodontidse  are  an  extinct  family  of  Kays  with  great 
crushing  teeth,  confined  to  the  Carboniferous  period,  and  the  sym- 
metrical teeth  named  Copodxis  are  placed  here  equally  with  the  more 
typical  paired  teeth  of  PBammodus  itself.  Nothing,  however,  is 
known  of  these  fishes  beyond  their  fragmentary  dentition.  The 
Petalodontidaa,  of  Carboniferous  and  Permian  age,  are  a  little  more 
satisfactorily  understood,  a  portion  of  the  body  of  one  genus, 
Janaasa,  having  been  discovered  in  the  Continental  Eupferschiefer. 
Teeth  like  those  named  Petalodus  are  exclusively  adapted  for 
cutting,  while  in  the  most  specialized  genus,  Janassa^  the  coronal 
edge  is  blunt  and  overturned,  so  that  the  dentition  is  admirably 
suited  for  crushing  and  trituration.  Fig.  109  ought  to  be  named 
Polyrhizodus  fnagnu8,   McCoy;    and   the  tooth  shown  in   fig.   Ill 

1  Proc.  Amer.  Phil.  Soc  1884,  p.  677. 

'  Comptes  Kendus,  April  23rd,  1888. 

'  Quart  Journ.  Geol.  Soc.  vol.  xxiri.  (1880),  p.  321. 

^  I'roc.  Zool  Soc.  1886,  p.  627. 
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oortatnly  does  not  belong  to  CtenopeialuB,  hut  has  lately  been  named 
CkJloprUiodus  by  Traquair.*  Peripri»H§  was  defined  by  0.  St  John, 
not  Newberry  and  Worthen. 

The  Myliobatidas  are  next  desoribed,  and  Cope*8  Apoeopodon^ 
from  the  Chalk  of  Brazil,  is  quoted  as  their  forerunner.  Here  must 
now  also  be  added  FtyckoduB.  Numerous  species  of  the  common 
fi^enera  are  cited,  and  the  complete  specimen  of  MyliohattB  Oazolat, 
discovered  by  Baron  de  Zigno  at  Monte  Bolca,  is  referred  to.  The 
genus  ZygohatiB  is  retained  distinct  fix>m  Bhinoptera, 

In  the  Khinobatidee,  the  Jurassic  Spaihohatia  is  said  to  be  only 
distinguished  from  the  living  Rhinohatua  by  the  less  jointed  character 
of  the  pectoral  fin-rays,  and  a  fine  figure  of  8.  mirabiliB  (original 
1*7  m.  long)  is  given.  Asterodermtu  and  Belemnobatts  are  also 
included  in  this  family.  Tlie  Hajidaa  follow,  and  are  mostly  known 
only  by  fragments  of  the  dermal  armour.  The  Liassic  Arthroptenis 
and  CyelarihruB  are  doubtfully  placed  here ;  and  there  are  a  few 
teeth  of  Raja^  besides  the  plaooid  asperities  so  common  in  the 
Tertiaries.  In  the  Trygonida  are  included  fossil  representatives  of 
Trygon,  Taniura,  Anaeanthua,  and  Urolophua,  besides  two  supposed 
extinct  genera,  Alexandrilnjum  and  Xiphotrygon,  all  from  Tertiary 
strata.  To  the  Torpedinidse  are  assigned  Torpedo  (Narcohatua) 
gigantea  from  Monte  Bolca,  and  vertebrae  of  Aatrape  from  the  North 
(jerman  Tertiaries;  also  the  Cretaceous  Cyclohaiia,  which  really 
belongs  to  the  Trygonidae.' 

HoLOOEPHALI. 

The  Holooephali  occupy  the  succeeding  nine  pages,  and  all  except 
two  are  placed  in  the  family  ChimaeridsB.  The  dentary  plates  are 
described  as  ^*  teeth,*'  but  Newton's  determination  of  those  of  the 
upper  jaw  as  "  premaxillary  "  and  **  maxillary  "  is  regarded  as 
erroneous,  and  these  are  merely  termed  respectively  **  vorderer 
Oberzahn  "  and  '<  hinterer  Oberzahn."  The  Devonian  Bhynchodua 
and  Ptyehodua  appear  as  the  earliest  representatives  of  the  family. 
hchyodua  is  next  treated  in  detail,  with  a  figure  of  von  Meyers 
Ganodua  avita  (Lith.  Stone),  which  is  considered  a  member  of  the 
genus.  Oanodtia  is  retained  for  the  Stonesfield  fossils,  originally  so 
named  by  Egerton ;  and  the  new  generic  name  of  Metopacanthua  is 
proposed  for  Egerton's  lachyodua  orthorhinua,  from  Lyme  Regis. 
Then  follows  an  account  of  the  later  Chimsdroids,  so  far  as  known  ; 
and  a  distinct  section  is  devoted  to  the  Liassic  Prognaihodaa,  and 
a  new  allied  genus,  Chimaropaia^  from  the  Lithographic  Stone  of 
Bavaria.  Dr.  von  Zittel  considers  that  the  so-called  maxillary  teeth 
of  Prognathodus  are  really  mandibular,  and  that  the  curious  elongated 
spine-like  tooth  pertains  to  the  lower  jaw.  Chimaropaia  has  subse- 
quently been  more  completely  elucidated  by  J.  Reis  in  the  Palaeonto- 
graphica. 

The  description  of  the  Selachian  and  Chimsaroid  fishes  is  concluded 
by  a  long  section  upon  Ichthyodorulites,  which  treats  of  all  doubtful 

1  Gbol.  Mao.  [3]  Vol.  V.  (1888),  p.  85. 
>  Geol.  Mao.  [8J  Vol.  IV.  ^IbS?},  p.  608. 
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spines,  besides  several  whose  relAtionsbips  have  already  been  dis* 
covered.  We  prefer  to  restrict  the  vague  term,  however,  to  the 
fossils  of  the  first  category.  The  classification  is  not  very  satis-, 
factory.  ^ritmacanthuB  cannot  be  claimed  to  have  much  similarity 
to  a  dorsal  fin-spine,  nor  Harpacanihua  to  an  nnsymmetrical  pec- 
toral; they  seem  much  more  like  such  head-spines  as  those  of 
JffyhoduB,  Aerodus,  the  Chimseroids,  and  Squahraja.  An  unfortu- 
nate error,  moreover,  occurs  in  fig.  180,  in  which  7^§tychiu$ 
arcuatus  is  named  Harpaeanthng  arcttaius.  ffarpaeanthus  was  pro- 
posed by  Dr.  Traquair  for  a  spine  erroneously  referred  to  Trisiychius, 
and  not  for  Agassiz's  type-species  of  this  genus.  Pristodus  is  not 
very  appropriately  placed  with  undetermined  Ichthyodorulites,  when 
Mr.  Bobert  Etheridge's  description  of  P.  Benniei  ^  is  taken  into 
account  Moreover,  it  is  satisfactory  to  be  able  to  add  that  one  of 
the  most  characteristic  of  Ichthyodorulites,  ABieracanihuM^  has  quite 
lately  passed  to  its  correct  systematic  position,  having  proved  to 
belong  to  the  Cestraciont  Shark  with  the  teeth  named  Strophodm} 

A.  S.  W. 

{To  he  continued.) 

n. — Oeologtgal  and  Natubal  History  Subvey  of  Canada. 
Annual  Report  (New  Series),  Vol.  II.  1886.  Accompanied  by 
Geological  and  Topographical  Maps,  Sections,  Plates,  and 
Woodcuts.     Royal  8vo.  pp.  976  and  xxix.     (Montreal,  1887.) 

IT  will  only  be  possible  in  the  limited  space  at  our  command,  to 
give  a  very  brief  account  of  the  contents  of  this  large  volume, 
which  contains  the  reports  of  the  Field  Geologists  and  of  others 
connected  with  the  Survey,  commencing  with  a  **  Summary  Report" 
by  the  Director.  Each  of  the  thirteen  reports  which  make  up  the 
volume  are,  as  usual,  distinguished  by  a  letter  of  the  alphabet  and 
separately  paginated,  with  a  view  to  their  separate  issue.  We  shall 
take  them  seriatim,  omitting  Mr.  J.  B.  Tyrrell's  report,  which  has 
already  been  reviewed  in  this  Magazine.' 

The  Director's  report  contains  a  brief  resume  of  the  operations  of 
the  Survey  for  the  year  1886,  and  is  especially  interesting  for  the 
information  it  gives  respecting  the  mineral  products  of  the  Dominion, 
samples  of  which  were  exhibited  at  the  Indian  and  Colonial 
Exhibition,  South  Kensington,  1886.  The  following  are  particularly 
mentioned  : — plumbago,  mica,  soaps  tone,  asbestos,  gold  and  silver 
ores,  manganese,  petroleum,  ochres,  slate,  granites  and  marbles, 
agates,  <&c.,  phosphate. 

The  reports  of  the  Field  Geologists  begin  with  that  of  Dr.  George 
M.  Dawson  (pp.  IB — 129B) ; — **  On  the  Northern  part  of  Vancouver 
Island,  from  Oomox  to  Quatsino  Sound,  with  the  coasts  of  adjacent 
Islands,  and  portions  of  the  mainland." 

The  report  is  divided  into  "  General  Geology  "  and  "  Descriptive 
Geology."      The    Queen    Cbarlotte    Islands    (southern   half)   and 

>  Geol.  Mao.  [2]  Vol.  II.  (1875),  p.  243,  PI.  VIII.  Figs.  3,  4. 
*  Ann.  Mag.  Nat  Hist.  [6]  toI.  ii.  p.  336,  pi.  xii. 
'  August,  1888. 
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ver  Island  (northern  half)  form  portions  of  a  single  axis  of 
a,  which  here  constitutes  the  western  member  of  the 
\TSL  The  similarity  of  the  rock  formations  in  these  two 
is  *'  so  dose  as  almost  to  amount  to  identity."  Their 
s  are  exhibited  in  the  table  below : — 


Qusmt  Cha&lottb 
Islands. 

Nobthbum  Part  of 
Yancouybb   Island. 

PPBR 
▲CBOU8. 

A.  Upper  nhales  and  sand- 
stones, 1600  feet 

Port  McNeil  heds  (P). 
A.  Upper  shales. 

ACBOUB. 

B.  Coarse      conglomerates, 

200  feet 

C.  Lower  shales  and  sand- 

stones, with  coal,  6000 
feet 

D.  Agirlomerates,  3600  feet. 

E.  Lower  sandstones,  1000 

feet? 

B.  Coarse  conglomerates. 

C.  Lower    sandstones     and 

shales,  with  coal. 

D.  Wanting. 

E.  ., 

e  northern  part  of  Vancouver  Island  rocks  of  volcanic  origin, 
r  portions  of  a  stratified  series  of  great  thickness,  are 
at.  They  include,  besides  the  volcanic  materials,  argillites 
lestones,  holding  Triassic  fossils.  These  volcanic  rocks  are 
as  diabases  and  felsites,  with  occasional  examples  of  diorite. 
ciated  with  the  volcanic  rocks  are  limestones,  argillites  and 
tes,  which  have  been  recognized  at  a  number  of  places,  from 
them  part  of  the  Strait  of  Georgia,  round  the  northern  end  of 
iver  Island,  and  in  Quatsino  Sound.  This  intercalated  zone 
le  place  on  the  north  coast  of  Vancouver  Island  estimated  to  be 
)et  thick.  As  no  complete  section  of  the  volcanic  rocks  with 
emating  sedimentary  materials  could  be  made  out,  recourse 
i  to  the  fossils  contained  in  the  latter  for  determining  the  age 
whole  series,  which  was  found  to  be  that  of  the  Alpine  Trias. 
»ssils  upon  which  this  determination  wsis  arrived  at  belonged 
following  species : — Monotis  suhcircularia,  Gabb,  Halohta 
ilia)  LommelUf  Wissmann ;  Aulaeoceras  Carlottense,  n.  sp. ; 
s  Oabbi,  Meek;  Celtites  (?)  Vancouverensis,  n.  sp.  The 
•tions  of  these  species,  by  Mr.  J.  F.  Whiteaves,  are  contained 
»endix  I.  to  Dr.  Dawson's  report.  For  the  entire  series  Dr. 
a  proposes  the  name  Vancouver  Series,  including  under  this 
ition  *'  not  only  the  entire  mass  of  volcanic  materials  which 
ormably  underlie  the  Cretaceous,  but  also  the  interbedded 
>nes  and  flaggy  argillites  and  quartzites."  The  series  is 
)d  also  to  include ''the. similar  beds  of  the  Queen  Charlotte 
I,  as  well  as  those  of  the  southern  part  of  Vancouver  Island, 
jh  it  was  originally  applied  by  Dr.  Selwyn  in  1871." 
Vancouver  SerieSf  which  are  the  oldest  beds  of  the  district 
ed,  are  in  contact  with,  or  rest  upon  granitic  rocks  of  later 
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date,  a  rery  anomaloiis  oircnmstanoe,  for  whidi  the  followiDg 
explanation  is  offered,  yis.  that  prohably  by  the  ezcearive  folding 
together  of  the  rooks  the  thicknees  of  the  series  became  so  great  at 
to  bring  its  lower  portions  below  the  plane  of  fusion.  This  is  shown 
by  the  fact  that  in  some  places — notably  in  the  vicinity  of  Blonden 
Harbour  and  Seymour  Narrows — both  the  granites  and  the  rocks  of 
the  Yanoouver  Series  have  been  subjected  to  great  pressure  in  a 
horizontal  direction,  causing  the  fragments  in  the  agglomerates  to 
assume  lenticular  forms,  and  to  become  more  or  less  schistose,  and 
when  darker  fragments  are  abundantly  present  having  an  almost 
gneissic  lamination.  When  this  was  taking  place  the  granites  must 
have  been  in  a  plastic  state.  The  granites  are  almost  always  honi- 
blendic  and  grey,  or  darker  in  colour,  resembling  diorites.  Dr. 
Dawson  observes  that  *'  the  relations  here  exemplified  by  the  contact 
of  the  Vancouver  Series  with  the  subjacent,  though  newer  granitiss, 
precisely  repeat  those  fully  detailed  by  Mr.  A.  G.  Lawson,  in  his 
report  on  the  Huronian  (Eeewatin)  and  so-called  Laormtian  rocks 
of  the  Lake  of  the  Woods."  * 

The  Cretaceous  rocks  of  the  northern  part  of  Vancouver  Island 
are  probably  outliers,  originally  continuous  with  an  older  basin  in 
the  Queen  Charlotte  Islands  (see  Table).  They  are  found  to  rest 
unconformably  on  an  irregular,  denuded  surface  of  the  older  rooks, 
and  have  filled  pre-existing  hollows  and  valleys  in  this  surface, 
during  a  prolonged  period  of  more  or  less  uniform  progressive 
depression. 

Goal  should  be  looked  for  in  the  more  central  portions  of  the  basin, 
because  where  the  beds  come  in  contact  with  the  older  rocks,  tbey 
probably  represent  only  a  succession  of  shore  deposits  which  do 
not  include  the  entire  thickness  of  the  formation. 

The  Goal-bearing  rocks  are  those  of  Comox  and  Nanaimo,  which 
border  the  south-western  shore  of  the  Strait  of  Greorgia  forming  a 
belt  of  rolling  country  between  the  mountaiuous  region  of  the 
interior  of  Vancouver  Island  and  the  coast  They  are  largely  littoral 
in  character,  being  composed  of  comglomerates  and  sandstones,  with 
intercalated  shales,  holding  marine  fossils.  It  is  supposed  that  these 
Cretaceous  strata  underlie  a  gi-eat  part  of  the  Strait  of  Georgia,  and 
that  many  of  the  beds  were  laid  down  along  a  sea-margin  nearly  at 
the  level  of  the  present  coast 

On  the  north  side  of  the  west  and  Rupert  Arms  of  Quatsino 
Sound  there  is  an  area  of  coal-bearing  Cretaceous  rocks  which  has 
attracted  the  attention  of  capitalists,  and  attempts  have  accordingly 
been  made  to  turn  it  to  profitable  account,  but  the  records  of  boring 
and  the  geological  data  obtained  in  the  exploration  of  this  area 
(called  the  ''  Koskeemo  Cretaceous  area  ")  show  that  no  coal  seams 
of  workable  extent  have  been  found  in  it.  llie  entire  exposed 
thickness  of  the  Koskeemo  coal-basin  is  '*at  least  1500  feet" 
Hecords  of  the  borings  are  given  at  p.  95B  of  Dr.  Dawson's  report 

A  brief  account  is  next  given  of  the  *'  Glacial  and  Superficial 
Deposits  "  of  the  region  explored  (pp.  99B  to  106B).  Two  great 
^  Annual  Eleport,  GeoL  Suryey  Canada,  1885,  p.  61CC,  et  aeq. 
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glaciers  are  deecribed  as  having  existed  at  one  time  in  what  is  now 
the  Strait  of  Georgia,  and  in  Qaeen  Charlotte  Sound.  These  were 
described  by  Dr.  Dawson  in  the  Geological  Society's  Journals  for 
1878  and  1881. 

Appendix  L  of  the  report  contains  Triassic  and  Cretaceous  fossils 
described  by  Mr.  J.  F.  Whiteaves;  the  former  are  enumerated 
above,  the  latter  are  as  follows: — Aucella  Piochitf  Gabb,  Toldia 
arata^  Whiteaves,  Astarte  Packardi,  White,  Opts  Vancouverensis, 
Whiteaves,  Pleuromya  hgvigata^  Whiteaves,  Placenticeras  occideniale, 
n.  sp.,  Seaphites  QuatsinoensiSf  Whiteaves. 

Appendix  II.  is  a  list  of  plants  obtained  on  Vancouver  Island  and 
adjacent  coasts  in  1885  by  Professor  Maconn.  Appendix  III.  is  a 
record  of  meteorological  observations  taken  on  the  coast  of  British 
Columbia,  June  to  October,  1885. 

This  excellent  report  -is  illustrated  with  a  geological  map  of 
Vancouver  Island  and  the  adjacent  coasts  on  a  scale  of  eight  miles 
to  an  inch. 

Mr.  R.  G.  McConnell  supplies  a  report  **  On  the  Geological 
Structure  of  a  portion  of  the  Rocky  Mountains,  accompanied  by  a 
section  measured  near  the  51st  Parallel,"  in  the  vicinity  of  the 
passes  followed  by  the  Canadian  Pacific  Railway. 

The  following  formations  were  met  with,  and  are  represented  in 
the  coloured  sections  accompanying  the  report,  viz. 


Mesoxoic 
5000  ft. 


Palieozoic 
29,050  ft. 


Cretaceom 


Kootanie  Group  to  Benton. 


Carboniferons  paanne     "j  ^  ,  _  t>     «.  o    • 

■       ~*^     -  o      j.  Upper  and  Lower  Banff  Senet 


down  into  Devonian 
DeYonian 
Silniian 

Cambro-  Silorian 
Cambrian 


Intermediate  Limestone. 
Halysites  Beds. 

'  Graptolitic  Shales.    Upper  pert  of  Castle 
•"I      Mountain  Group. 

Lower  part  of  Castle  Mountain  Group. 
Bow  River  Group. 


The  rocks  here  enumerated  are  exposed  along  the  Bow  and  Wapta 
Valleys,  from  Banff  westward  to  Golden  City  on  the  Columbia. 
Some  new  names  (Banff  limestone  series,  Intermediate  limestone, 
Halysites  beds,  Graptolitic  shales,  and  Castle  Mountain  Group) 
are  introduced,  because  some  of  the  groups  could  not  be  correlated 
exactly  with  rocks  found  in  the  southern  part  of  the  range  as 
described  in  the  various  United  States  reports.  It  may  be  mentioned 
that  the  Graptolites  of  the  *'  Graptolitic  shales  "  were  submitted 
to  Professor  Lapworth  for  identification.  The  following  species 
were  recognized  :  --DidymograptuB,  n.  sp.,  allied  to  2).  enodwf  Lapw., 
OloBBograptuB  ciliatu8,  Emmons,  0,  apinulosua,  Hall,  sp.,  Cryptograptua 
trieomis,  Carr.  sp.,  Diplograptus  anguatifoltua,  Hall,  i>.  rugosus, 
Emmons,  ClimacograptuB  calatuB,  Lapw.,  with  doubtful  species  of 
FhyUograpluBf  etc. 

Concerning  these  fossils,  Professor  Lapworth  observes: — "The 
&ct   that  these  Giaptoliies  have  been  obtained  from  the  distant 
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region  of  the  Bockj  Monntains  gives  them  an  especial  interest,  as 
few  Oraptolites  have  hitherto  been  noticed  from  that  region."  They 
are  referred  by  him  to  the  age  of  the  Utica  skte,  or  to  the  Trenton- 
Utica  fauna  of  the  United  States  and  Canada. 

Mr.  A.  P.  Low's  report  (pp.  1  F—  24  F)  refers  to  the  tract  of 
country  between  lake  Winnipeg  and  Hudson's  Bay,  with  notes  upon 
the  formations  met  with  along  Uie  route  followed  by  the  explorer. 
These  consisted  of  Laurentian,  Huronian,  Cambro-Silurian  [Or- 
dovician],  Silurian,  and  Post-Tertiary  (Drift).  The  report  oontams 
also  a  list  of  rare  plants  collected,  and  concludes  with  an  Appendix 
containing  meteorological  observations. 

Dr.  Robert  BelFs  report  (pp.  10>d8G)  contains  an  aooount  of 
"An  Exploration  of  portions  of  the  Attawapishkat  and  Albany 
Rivers,  Lonely  Lake  to  James'  Bay.  Besides  recording  the  geo- 
logical features  of  the  country  passed  through,  observations  were 
made  upon  its  physical  aspect,  soil,  climate,  vegetation,  etc.,  as  far 
as  these  could  be  noted  in  a  boat  voyage.  The  rocks  met  with  on 
the  Albany  river  (upper  part)  consisted  of  hornblende-schist,  granites 
(cut  by  dykes  of  diorite),  and  gneisses.  Huronian  rocks  (hornblende 
schists)  made  their  appearance  in  some  parts  of  the  river.  At  Lake 
Lansdowne  (an  expansion  of  the  Albany)  rocks  of  Silurian  and 
Devonian  age,  the  latter  fossil iferous,  made  their  appearance. 

The  extent  of  the  Palaeozoic  rocks  west  and  south-west  of  James' 
Bay  leads  to  the  inference  that  they  occupy  an  area  ''  as  extensive  as 
the  whole  region  between  the  Ottawa  River  and  Lakes  Ontario, 
Erie,  and  Huron."  No  evidence  was  found  of  the  presence  of  Car- 
boniferous rocks  in  this  great  basin. 

This  report  concludes  with  a  description  of  the  Drift  deposits 
(principally  Boulder-clay)  overspreading  the  Palseozoio  area  west- 
ward of  James'  Bay.  These  deposits  were  estimated  to  have  a 
thickness  ranging  between  30  and  90  feet  The  report  is  illustrated 
with  photo-engravings  of  views  upon  the  Boulder,  Attawapishkat, 
and  Albany  Rivers. 

Mr.  R.  W.  Ells  treats  in  his  report  (pp.  1  J-70  J)  of  the  geology 
of  a  portion  of  the  Eastern  Townships  (Province  of  Quebec) 
**  relating  more  especially  to  the  counties  of  Gompton,  Stanstead, 
Beauce,  Richmond,  and  Wolfe."  The  report  is  accompanied  by  a 
geologically  coloured  quarter-sheet  map  of  this  part  of  the  Province, 
on  a  scale  of  4  miles  to  1  inch.  The  geological  systems  recognized 
were  the  following : — 

Silurian.  Cambrian. 

Cambro-Silurian  [or  Ordovician].     Crystalline  and  igneous, 

volcanic,  and  plutonic. 
The  Silurian  rocks,  which  consist  of  limestones  (sometimes  fossili- 
ferous),  calcareous  slates,  and  conglomerates,  associated  with  dolo- 
mitic  slates,  are  much  involved  with  the  underlying  older  rocks,  bo 
that  they  were  formerly  mistaken  for  parts  of  the  older  systems. 
The  Cambro-Silurian  rocks  consist  of  "  graphitic,  blackish  or  dark- 
grey  limestone,  with,  in  several  localities,  associated  slates  and  sand- 
stones," which  were  formerly  regarded  as  of  Silurian  age,  or,  in 
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part,  Lower  Devoniai^  bnt  are  dow  recognized  by  their  uncon- 
formability  to  the  Silarian,  as  well  aa  by  their  fossil  contents,  to 
belong  to  the  Gambro-Silarian.  Intmaions  of  granite  are  common 
in  the  rooks  of  this  system,  and  there  is  frequent  evidence  of  meta- 
morphio  action  in  the  oondition  of  the  sandstones  and  limestones. 
The  Cambrian  is  represented  by  slates,  sandstones — sometimes 
qaartzose — quartsiferous  schists  and  conglomerates.  The  latter  are 
eenerally  nnoonformable  to  the  slates  and  limestones  of  the  Cambro- 
oilnrian  above,  and  to  the  "  underlying  ridges  of  crystalline  rocks, 
from  the  debris  of  which  they  are  largely  formed."  The  pre- 
Cambrian  rocks  form  some  of  the  mountain  ranges  of  the  district 
(Stoke  Mountain,  eta),  and  are  composed  of  hard  felspathic  schists, 
gneissic  felsite,  granitic  gneiss,  talcose  and  micaceous  schists,  with, 
in  some  places,  masses  of  granitic  and  dioritic  rocks,  ''the  whole 
presenting  a  marked  resemblance  to  Huronian  strata."  The 
"copper-bearing  rocks"  of  the  Eastern  Townships,  which  are  of 
pre-Gambrian  age,  are  described  by  the  author  of  this  report  as 
strikingly  similar  to  the  Archaean  rocks  of  England  and  Scotland, 
and  those  of  Wales  known  as  the  Dimetian,  Arvonian,  and  Pebidian, 
of  Hicks.  "Whatever  may  be  the  exact  age  of  these  altered 
rocks,"  adds  Dr.  Ells,  ''their  present  aspect  entitles  them  to  be 
classed  as  very  ancient  sediments."  The  crystalline  and  igneous 
rocks  consist  of  granitic,  dioritic,  and  serpentinous  rocks,  and  they 
constitute  lofty  ranges  of  hills,  such  as  Megantic  Mountains,  Orford 
and  Victoria  Mountains,  etc.  Some  observations  upon  the  drift 
deposits  are  supplied  by  Dr.  Ells,  who  endeavoured  to  ascertain 
their  connection  with  the  auriferous  character  of  the  sand  and  gravel 
which  are  widely  distributed  in  the  region  he  explored.  He  con- 
siders that  the  probable  source  of  the  gold  of  the  Townships  is  in 
the  areas  of  Cambrian  slates  which  flank  the  old  ridges  of  the  Maine 
and  New  Hampshire  boundary  and  the  central  axis,  and  that  local 
glaciers  were  probably  instrumental  in  effecting  the  disintegration  of 
these  slates  and  distributing  an  auriferous  debris  over  the  "great 
Cambro-Silnrian  area  of  Gompton,  Stanstead,  and  Beance  counties." 
Besides  gold,  the  following  minerals,  viz.  copper,  silver,  chromic 
iron,  antimony-ore,  asbestos,  soapstone,  slate,  etc.,  occur  in  the 
district,  and  are  of  more  or  less  economic  importance. 

Mr.  R  Chalmers'  report  (pp.  1  M-d9  M)  treats  of  the  surface 
geology  (Post-Tertiary)  of  Northern  New  Brunswick  and  South- 
Eastem  Quebec.  It  is  illustrated  with  two  maps  each  on  a  scale  of 
four  miles  to  1  inch,  having  the  locality  and  superficial  extent  of 
the  various  formations  defined  upon  them.  The  surface  deposits 
met  with  are  divided  by  the  author  into  two  series,  viz.  those  of 
fresh- water,  and  those  of  marine  origin,  the  former  comprising  peat- 
bogs, shell-marl,  lacustrine  and  fluviatile  marshes,  river-terraces, 
kames,  etc.,  the  latter,  estuarine  flats,  salt  marshes,  sand  duncH, 
Saxicava-sand  Ledaclay,  and  kames  of  marine  origin,  eta,  and 
lastly  till  or  boulder  clay,  moraines,  and  erratics. 

Messrs.  L.  W.  Bailey  and  W.  Mclnnes  report  upon  their  explora- 
tions carried  on  in  portions  of  the  counties  of  Victoria,  Madawaska, 
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Northamberland  and  Bestigouche,  New  Bnmswiok.  Their  repoii 
ifl  aooompanied  with  a  geologically  coloured  map  on  a  scale  of  four 
miles  to  one  inch.  One  of  the  objects  of  this  Survey  was  to  deter- 
mine "  the  succession  of  the  Silurian  strata  in  the  northern  portion  of 
the  province,  and  their  relations  to  other  systems."  The  formationi 
met  with  were  the  following : — 

Lower  Carboniferous. 

Devonian. 

Silurian. 

Cambro-Silurian. 

Pre-Cambrian. 

Granite  and  related  rocks. 
The  Lower  Carboniferous  rocks  consist  mainly  of  red  sandstones, 
grits  and  conglomerates,  with  extensive  beds  of  gypsum,  near  the 
top  of  the  formation.  The  Devonian  is  represented  by  a  small 
patch  of  soft  calcareous  sandstones  and  slates,  of  Oriskany  age,  as 
shown  by  the  fossils,  determined  by  Mr.  H.  M.  Ami.  Calcareous 
slates,  fossiliferous  in  places,  are  the  prevailing  rocks  of  Silorian 
age.  The  Cambro-Silurian  consists  chiefly  of  hard  quartzites  and 
slates,  apparently  unfossiliferous ;  other  rocks  of  this  system  are 
of  a  more  highly  altered,  schistose,  and  foliated  character.  The 
Pre-Cambrian  rocks  are  hard  crystalline  felsites,  gneisses,  felspathio 
and  other  schists,  all  highly  contorted.  Granite  occurs  in  two  areas, 
and  is  of  similar  character  and  age  (Devonian)  to  that  which  is 
found  in  intrusive  masses  further  to  the  south. 

A  voluminous  report  is  contributed  to  the  volume  by  Mr.  Hugh 
Fletcher  (pp.  1 P-128  P)  containing  an  account  of  explorations  and 
surveys  in  the  counties  of  Guysborough,  Antigonish,  and  Pictou, 
Nova  Scotia.  This  report  embodies  the  results  of  work  (mostly 
topographical)  done  during  the  summera  of  1882-1886.  A  map  of 
the  region  on  a  scale  of  1  mile  to  an  inch  has  been  constructed. 

The  physical  geography  of  the  district  presents  no  features  worthy 
of  special  note.  The  highest  land  extends  along  the  shores  of  the 
Gulf  of  St  Lawrence,  from  Cape  George  to  the  East  River  of  Pictou, 
but  the  highest  summits  rarely  exceed  1000  feet,  and  deep  ifbd 
broad  valleys  are  cut  by  the  rivers  flowing  into  the  Gulf.  The 
geological  systems  recognized  in  the  area  included  in  Mr.  Fletcher's 
explorations  are  the  following : — 

Permian.  Silurian. 

Carboniferous.  Cambro-Silurian. 

Devonian.  Pre-Cambrian. 

There  are  associated  volcanic  rocks  in  all  but  the  Permian. 

The  Carboniferous  rocks,  which  are  the  most  important  in  the 
series,  "occupy  three  well-marked  belts,  often  folded  obliquely  to 
the  longer  axis."  These  are  (1)  the  St  George's  Bay  basin ;  (2)  the 
the  Merigomish  basin ;  (8)  the  St  Mary's  basin ;  the  latter  holding 
fossil  plants,  which  would  indicate  either  a  Millstone  Grit  or  Lower 
Carboniferous  age ;  but  the  altered  aspect  of  the  rocks  would  rather 
refer  it  to  the  latter. 

The  volcanic  rocks  belong  to  several  distinct  periods  which  ar^ 
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proYiBionally  referred  to  the  following  groups : — felsites,  syenitefl 
and  Bchitita  to  the  pre-Gambriau ;  igneous  rocks  ontting  Lower 
Cambro-Siluriau  conglomerates ;  voloanic  rocks  contemporaneous 
with  Middle  and  Upper  Gambro-Silurian.  Dykes  cutting  through 
Silurian,  Middle,  and  Upper  Devonian  strata,  and  volcanic  rocks 
contemporaneous  with  Middle  Devonian.  Finally  the  Carboniferous 
oonglomerato  is  traversed  by  volcanic  rocks  and  dykes  of  contempo- 
laneous  origin. 

Several  pages  of  this  report  are  devoted  to  an  account  of  the 
surface  geology,  scenery,  climate,  agriculture,  and  economic  minerals, 
of  the  district  explored.  The  latter  include  coal,  iron,  gold,  gypsum, 
phosphate  of  lime,  building  stones,  eto. 

Mr.  E.  R.  Faribault  reports  (pp.  129  P-163  P)  upon  the  Lower 
Cambrian  rocks  of  Gnysborough  and  Halifax  counties.  Nova  Scotia, 
including  the  gold-bearing  slates  and  quartzites,  '*  which  cover 
nearly  one-half  the  superficies  of  the  Province,  that  is,  according  to 
various  authorities,  from  6000  to  7000  square  miles." 

A  further  contribution  by  Dr.  G.  M.  Dawson  (pp.  1  R-62  H)  is 
supplied  to  the  volume  under  review  in  the  shape  of  ''Notes  to 
accompany  a  geological  map  of  the  northern  portion  of  the 
Dominion  of  Canada,  east  of  the  Rocky  Mountains."  The  map  is 
"designed  primarily  as  a  supplement  to  the  general  geological 
map  of  the  southern  portion  of  the  Dominion,  published  by  the 
Greological  Survey  in  1884,  for  the  compilation  of  the  western  part 
of  which  the  writer  [Dr.  Dawson]  was  largely  responsible." 

The  "  notes "  accompanying  the  map  form  a  succinct  account  of 
the  geology  of  the  most  northerly  part  of  the  continent,  embracing 
the  Arctic  regions.  The  information  concerning  these  lands  is 
derived  from  many  scattered  sources,  including  the  well-known 
works  of  voyagers  in  the  polar  seas  from  Ross  to  Nares,  and  Greely. 
A  very  full  bibliography  of  Arctic  travel  is  appended  to  the  "  notes." 

The  prevailing  rocks  of  these  northern  lands  are  Archaean,  and 
they  probably  form  the  greater  part  of  Greenland,  and  "  doubtless 
underlie,  at  no  great  depth,  the  entire  Arctic  Archipelago."  The 
different  subdivisions  of  the  Archaean  occurring  in  the  more 
southerly  portions  of  Canada  are  repeated  in  the  north ;  amongst 
these  the  fluronion  is  met  with  on  the  west  coast  of  Greenland, 
probably  on  the  Labrador  coast,  and  on  the  west  coast  of  Hudson's 
Bay.  Rocks  of  similar  character  to  those  of  the  Eeewenaw  or 
Animikie  of  the  Lake  Superior  region,  have  been  reco«^nized  in  the 
vicinity  of  the  Coppermine  River,  and  are  probably  of  Lower 
Cambrian  age.  This  formation  is  of  such  wide  extent  that  Dr. 
Dawson  considers  that  it  ranks  as  ''one  of  the  most  important 
geological  features  of  North  America."  It  is  composed  largely  of 
volcanic  rocks,  and  is  apparently  everywhere  unconformable  to  the 
underlying  Laurentian  and  Huronian  systems.  The  Silurian  and 
Cambrian  systems,  which  are  also  widely  developed,  consist  chiefly 
of  ''pale  limestones,  often  of  a  yellowish  or  cream  colour,  and 
frequently  more  or  less  doloraitic.  They  rest  everywhere  uncon- 
formably  on  the  Archsaan  or  on  the  Cambrian  rocks."    The  extent 
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and  relations  of  the  rooks  of  Devonian  age  have  not  yet  been  satis- 
faotorily  determined,  but  their  oooarrence  is  recorded  on  the 
Mackenzie  Kiver,  and  their  presenoe  is  inferred  in  the  limestone 
formation  which  btretohes  from  the  vicinity  of  Lake  Winnipeg  to 
the  mouth  of  the  Mackenzie,  and  thence  to  Baffin's  Bay  and 
Orinnell  Land.  A  revision  of  the  fossils  from  the  Mackenzie  and 
the  Arctic  basin  is  recommended  as  very  desirable. 

An  important  series  of  Coal-bearing  rocks  of  Lower  Oarboniferoos 
age  (of  the  so-called  *'  Ursa  Stage  "  of  Heer)  are  distributed  in  the 
Arctic  Archipelago,  but  no  estimate  appears  to  have  been  formed  of 
their  thickness,  nor  indeed  of  that  of  any  of  the  older  rock-series 
in  the  Arctic  basin.  Bocks  of  Liassic  or  Jurassic  age,  of  unknown 
extent,  are  said  to  occur  in  the  northern  part  of  the  Arctic  Archipelaga 
The  so-called  *' Miocene"  of  Greenland  and  Grinnell  Land  'Ms 
now  regarded  as  equivalent  to  the  Laramie,  or  at  least  not  newer 
than  the  Eocene.'*  llie  superficial  deposits  are  not  dealt  with  in 
these  notes,  as  the  information  respecting  them  is  not  such  as  can  be 
expressed  upon  a  geological  map.  A  few  observations  upon  glacial 
phenomena  are  however  added. 

Mr.  Coste  (pp.  1 S — 85  S)  supplies  some  useful  statistical  tables, 
with  explanations,  of  the  *'  production,  value,  exports  and  imports, 
of  minerals  in  Canada  during  the  year  1886  and  previous  years." 

Mr.  G.  C.  Hoffmann,  assisted  by  Messrs.  F.  D.  Adams,  and  E.  B. 
Ken  rick,  gives  the  results  of  work  done  in  the  chemical  laboratory 
of  the  Survey.     There  is  a  full  index  at  the  end  of  the  volume. 

A.H.P. 

III. — Richmond  Coal  Field,  Virginia. 

THE  scanty  literature  of  the  Virginia  Triassic  has  lately  been 
increased  by  the  appearance  of  a  pamphlet  by  Mr.  William 
Clifford,'  describing  this  complicated  field  and  illustrating  the 
structure  by  maps  and  sections.  The  history,  geography,  the 
mining  methods  and  difficulties  are  concisely  outlined.  There  are 
also  given  some  of  the  characteristics  of  the  rocks  of  the  basin, 
and  analyses  of  coals  and  natural  cokes.  As  a  whole  the  author 
dwells  mure  on  the  economic  and  engineering  side,  than  on  the 
purely  geologic ;  but  as  he  devotes  some  space  to  a  discussion  of  the 
latter,  I  would  venture  to  criticize,  or  at  least  call  the  attention  of 
others,  to  his  facts  and  some  theoretical  conclusions  based  thereon. 

The  statement  of  first  importance,  on  which  many  deductions 
rest,  is  that  the  strata  thin  out  at  the  outcrop,  or,  to  give  the  exact 
words,  <'  the  rocks  thin  out  toward  the  sides  of  the  basin  as  though, 
during  their  deposition,  the  rock  material  had  slid  somewhat  down 
the  steep  sides  on  which  it  was  thrown  down." 

A  careful  exploration  made  this  year  failed  to  give  conclusive 
evidence  of  such  a  general  thinning.  It  is  true  the  opportunities 
now  of  examining  the  strata  are  very  few — and  without  doubt  there 

1  Richmond  Coal  Field,  Virginia,  by  "William  Clifford,  M.E.,  read  before  the 
Manchester  Geological  Society,  December  6th,  1887. 
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are  beds  onoe  exposed  in  mines  now  closed  which  tend  to  give 
support  to  the  opinion  just  quoted. 

The  deduction,  that  the  rock  material  was  deposited  on  a  steep 
slope,  in  all  probability  will  not  stand  searching  investigation. 
There  is  far  too  much  stress  put  upon  the  assumption  made  by  Lyell, 
and  since  then  unquestioned,  that  the  present  basins  were  basins  at 
the  beginning  of  the  Triauie^  and  that  the  irregularities  are  due  to 
deposition  on  uneven  surfaces  rather  than  to  subsequent  bending  and 
crushing.  The  evidence,  on  the  contrary,  points  to  the  fact  that  this 
coal  series  was  deposited  in  a  horizontal  position.  Not  enough 
allowance  has  been  made  for  the  effect  of  subsequent  crushing  and 
erosion  of  these  soft  rocks. 

It  is  well  known  that  one  of  the  principal  coal  beds,  dipping  at 
an  angle  averaging  80^,  has  been  worked  along  the  strike  for,  say 
a  mile,  and  has  been  explored  on  the  dip  for  1500  feet,  equivalent  to 
a  vertical  depth  of  750  feet.  Throughout  this  breaiith  of  1500  feet 
it  maintains  approximately  a  uniform  thickness.  Surely  no  theory 
can  satisfactorily  explain  this  uniformity  of  thickness  through  such 
a  vertical  range,  without  admitting  the  original  horizontality  of  the 
coal  floor.  The  author  of  the  paper  cannot  have  carefully  considered 
his  position  when  he  says,  '*  The  coal  seams  in  the  main  basin  are 
equally  thick  at  the  outcrop  and  in  the  deep ;  the  tenacity  of  the 
roots  having  given  the  coal  plants  a  firm  hold  up  the  steep  sides  of 
the  trough."  ^  Not  only  the  uniform  thickness  of  the  coals  on  the 
dip,  but  the  laminae  of  shale  between  the  coals,  the  fire  clays  and 
impure  limestones  between  the  beds,  all  testify  to  the  original 
horizontality  of  these  beds.  And  the  innumerable  ''  troubles,*'  as 
the  areas  of  crushing  and  faulting  are  locally  called,  give  the 
strongest  proof  of  the  enormous  subsequent  movements. 
9  A  conclusion  of  great  practical  importance  depends  upon  the 
confirmation  of  this  set  of  facts — and  this  is  the  persistence  of  the 
coal  throughout  the  bottom  of  the  main  basin.  If  it  is  conceded 
that  the  strata  do  not  thin  at  the  outcrop,  and  that  they  were 
deposited  on  horizontal  surfaces/ then  all  the  hypotheses  of  Lyell, 
Lesley,^  and  others,  based  on  the  supposition  that  the  bottom  of  the 
present  basin  was  under  different  conditions  of  depth  and  water 
currents  from  the  present  sides,  fall  to  the  ground,  and  Ave  have  no 
reason  to  suppose  that  the  beds  in  the  centre  of  the  basin  differ  in 
original  characteristics  as  to  number,  thickness,  and  continuity  of 
coals  from  those  at  the  outcrop. 

I  It  does  not  follow  from  what  has  been  said  that  any  one  workable 
coal  is  continuous  across  under  the  basin  to  the  outcrop  on  the  other 
side.  On  the  contrary,  this  is  probably  not  the  case.  The  identifica- 
tion of  any  one  coal  seam  for  a  distance  of  even  one  or  two  miles  is 
a  matter  of  great  uncertainty,  owing  to  the  number  of  the  seams, 
the  changes  in  the  thickness  both  of  the  coal  and  accompanying 
shales,  the  bending  and  crushing  to  which  all  have  been  subjected, 

'  Page  7,  idem. 

*  Quoted    in   McFarlan's    "Coal  Regionii  of  America,"   p.  612,  from  Lesley's 
TJ.S.  fiailroad  and  Mining  Begiiter,  Phikdelphia. 
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and  the  rapid  deoompoaition  of  the  whole  serieaw^^  When  the  change 
of  thickness  of  the  ooal  beds  and  the  large  number  of  thin  coals — 
nsually  overlooked — are  given  due  consideration,  strong  doubt  is 
thrown  upon  the  identifications  that  have  been  often  attempted, 
between  the  coal  in  one  mine  and  that  in  another  mine  a  mile 
or  more  away.  The  probabilities  are  that  the  coal  of  economic 
importance  in  the  one  mine  is  represented  by  some  one  of  the 
smaller  neglected  coals  in  the  other. 

The  areas  of  crushing  and  faulting  are,  owing  to  the  softness  of 
the  rocks,  more  impervious  to  water  than  the  undisturbed  portions 
of  the  beds.  In  this  I  differ  from  Mr.  Clifford,  when  he  says,  *'  llie 
measui-es  which  overlie  the  coke  seams  are  very  much  fissured,  and 
consequently  the  pits  working  coke  are  more  heavily  watered  than 
Ci»al  pits.  Some  of  the  most  promising  ones  in  the  northern  end  of 
the  field  had  to  be  abandoned  on  that  account"  ^  This  idea  probably 
arose  from  the  fact  that  the  workings  in  the  northern  portion  of  the 
coal  area  carried  on  by  many  owners,  at  various  times,  without 
system,  have  intersected  each  other,  so  that  water  from  one  coke  pit 
will  now  flow  to  any  other.  Thus,  the  perviousness  to  water,  which 
has  caused  the  abandonment  of  these  mines,  is  due  to  artificial  and 
preventable  rather  than  natural  or  wide- spread  causes. 

F.  H.  Newell. 
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I— January,  23,  1889.— W.  T.  Blanford,  LL.D.,  F.R.S.,  Vice- 
President,  in  the  Chair. — The  following  communications  were  read : 

1.  "On  the  prevailing  Misconceptions  regarding  the  Evidence 
which  we  ought  to  expect  of  former  Glacial  Periods."  By  Dr.  James 
Crt)ll,  F.R.S.    Communicated  by  T.  G.  Bonney,  D.Sc.,  F.R.S.,  F.G.S. 

The  imperfection  of  the  geological  record  is  greater  than  is  usually 
believed.  Not  only  are  the  records  of  ancient  glacial  conditions 
imperfect,  but  this  follows  from  the  priciples  of  geology,  llie 
evidence  of  glaciation  is  to  be  found  chiefly  on  laud-surfaces,  and 
the  ancient  land-surfaces  have  not,  as  a  rule,  been  preserveil. 
Practically  the  several  formations  consist  of  old  sea-bottoms, 
formed  out  of  material  derived  from  the  degradation  of  old  land- 
surfaces.  The  exceptions  are  trifling,  such  as  the  under-layers 
of  coal-seams,  and  dirt-beds  like  those  at  Portland.  The  trans- 
formation of  an  old  land-surface  into  a  sea-bottom  will  probably 
obliterate  every  trace  of  glaciation;  even  the  stones  would  be 
deprived  of  their  ice-markings ;  the  preservation  of  Boulder-olay,  as 
such,  would  be  exceptional.  The  absence  of  large  erratic  blocks  in 
the  stratified  beds  may  indicate  a  period  of  extreme  glaciation,  or 
one  absolutely  free  from  ice.  The  more  complete  the  glaciation  the 
less  probability  of  the  ice-sheet  containing  any  blocks,  since  the 
rock  would  be  covered  up.     Because  there  are  no  large  boulders  in 

^  CMord'8  paper,  p.  13. 
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ihe  strata  of  Greenland  or  Spitzbergen,  Nordenskjold  maintains 
that  there  were  no  glacial  oonditions  there  down  to  the  termination 
of  the  Miooene  period.  The  author  maintained  that  glaciation  is 
the  normal  condition  of  polar  regions,  and  if  these  at  any  time  were 
free  from  ice,  it  could  only  arise  from  exceptional  circumstances, 
such  as  a  peculiar  distribution  of  land  and  water.  It  was  extremely 
improbable  that  such  a  state  of  things  could  have  prevailed  during 
the  whole  of  the  long  penod  from  the  Silurian  to  the  close  of  the 
Tertiary. 

A  million  years  hence  it  would  be  difficult  to  find  any  trace  of 
what  we  now  call  the  glacial  epoch  :  though  if  the  stratified  rocks 
of  the  Earth's  crust  consisted  of  old  land-surfaces,  instead  of  old 
sea-bottoms,  traces  of  many  glacial  periods  might  be  detected.  The 
present  land-surface  will  be  entirely  destroyed  in  order  to  form  the 
future  sea- bottom.  It  is  only  those  objects  which  lie  in  existing 
sea-bottoms  which  will  remain  as  monuments  of  the  Post- tertiary 
glacial  epoch.  Is  it,  then,  probable  that  the  geologist  of  the  future 
will  find  in  the  rocks  formed  out  of  the  non-existing  sea-bottom 
more  evidenoe  of  a  glacial  epoch  during  Post-Tertiary  times  than  we 
now  do  of  one,  say,  during  the  Miocene,  Eocene,  or  Permian  period  ? 
Palaeontology  can  afford  but  little  reliable  information  as  to  the 
existence  of  former  glacial  periods. 

2.  "On  Remains  of  Eocene  and  Mesozoic  Chelonia,  and  on  a 
Tooth  of  (?)  Omiihopsi9r     By  R.  Lydekker,  Esq.,  B.A.,  F.Q.S. 

This  communication  treated  in  the  first  place  of  remains  of 
Chelonia  from  the  Cambridge  Greensand,  Wealden,  and  London 
Clay.  Firstly,  Bhinoehelys,  from  the  Cambridge  Greensand,  was 
considered  to  indicate  a  Pleurodiran  type ;  and  four  new  specific 
names  were  proposed,  viz.  R.  macrorhina,  B.  brachyrhina,  R.  Jessoni, 
and  R,  cantahrigienais.  From  the  same  deposits  a  skull  was 
described  which  was  considered  to  indicate  a  new  species  of  Chelone, 
for  which  the  name  C,  Jessoni  was  proposed.  Other  remains  of 
marine  Chelonians  from  these  beds  were  regarded  as  indicating  a 
Turtle  allied  to  the  Loggerhead,  and  were  provisionally  referred  to 
the  genus  Lytoloma,  as  L,  cantahrigiensis.  In  the  course  of  the 
description,  it  was  proposed  to  replace  the  name  Enclaates  (pre- 
occupied) by  Lytoloma,  Of  other  Chelonidse,  the  new  generic  name 
ArgiUoehe!ya  was  proposed  for  Chehne  cuneicepa,  Owen,  of  the  London 
Clay,  which  would  also  include  some  other  forms  from  the  same  beds. 
A  shell  of  a  Pleaiochelys  from  the  Wealden  of  the  Isle  of  Wight  was 
regarded  as  indicating  a  new  species,  which  was  named  P.  Brodiei. 

It  was  also  shown  that  Chelone  gigas,  Owen,  of  the  London 
Clay,  did  not  belong  to  the  Chelonidee  at  all,  but  indicated  a  species 
of  the  genus  PsephophoruB — a  member  of  the  DermatochelydidaB. 
The  next  section  of  the  paper  described  a  peculiar  mandibular 
symphysis  from  the  London  Clay,  which  was  taken  to  indicate  a 
new  genus  of  Chelonia,  to  be  named  Dacochelya ;  and  it  was 
soj^sted  that  Emy§  Delahechei,  Owen,  might  be  the  same  form. 

The  paper  concluded  with  a  notice  of  a  tooth  from  the  Wealden, 
of  the  same  general  type  as  one  previously  referred  by  the  autkot  \.o 
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OmiihopM ;  and  it  was  shown  that  teeth  ftom  the  Portlandian  of 
BoulognOi  which  had  heen  described  as  Neosodon  and  Caulodont  and 
regarded  as  Iguanodont,  were  likewise  of  the  same  general  tjpe. 
It  was  also  shown  that  Cardiodon,  Owen,  from  the  Forest  Marble, 
belonged  to  the  same  group. 

8.  *'  On  the  Dentition  of  Lepidoiua  maximttSy  Wagn.,  as  indicated 
by  specimens  from  the  Kimeridge  Clay  of  Sbotover  Hill,  Oxford." 
By  R.  Etheridge,  Esq.,  F.R.S.,  and  H.  Willett,  Esq.,  P.G.8. 

The  paper  oommenoed  with  a  list  of  fourteen  species  of  Lepidotm 
known  in  England,  from  beds  between  the  Lias  and  Upper  Chalk 
inclusive,  and  an  account  of  the  range  of  the  Lepidosteoid  fishes 
from  Permian  times  to  the  present  day  followed.  The  occurrence 
of  separate  teeth  of  Lepidotua  maximvs,  Wagn.  (=  Spharodun  gigas, 
Ag.),  in  the  Exogyra-virgida  zone  of  Shotover  and  Kimeridge,  has 
been  previously  recorded ;  but  in  the  present  communication  four 
specimens  of  jaws  containing  teeth  were  noticed. 

I.  Comprises  the  upper  dentition ;  it  belongs  to  the  same  species 
and,  possibly,  to  the  same  individual  as  No.  IV.  Eighteen  teeth 
occur  in  its  two  fragments. 

II.  Contains  two  teeth,  an  upper  and  a  lower,  belonging  to  the 
same  species  as  No.  IV. 

III.  Probably  the  right  dentary  bone  appears  to  belong  to  a  dis* 
tinct  species.  It  is  very  perfect,  and  exhibits  sixteen  teeth,  of  which 
the  successors  of  six  are  exposed  on  the  underside.  The  marginal 
series  comprises  the  seven  smallest  teeth,  those  placed  most  in- 
wardly being  the  largest  Compared  with  the  dentary  bone  of  those 
species  of  which  that  element  is  already  known,  the  fossil  approaches 
most  closely  to  Lepidotus  maxtmua,  Wagn.,  but  the  bone  is  broader 
in  proportion  to  its  length,  and  the  teeth  are  more  numerous. 

IV.  Corresponds  undoubtedly  to  Lepidotus  maximus,  Wagn.  The 
dentition  of  this  specimen  does  not,  however,  appear  to  belong  to 
the  left  upper  jaw,  but  to  the  dentary  bone.  Its  upper  surface 
contains  seventeen  teeth,  and  the  lower,  or  successional,  series  con- 
sists of  fifteen  =  32  in  position. 

n.— February  6,  1889.  — W.  T.  Blanford,  LL.D.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  *'0n  the  Occurrence  of  Palseolithic  Flint  Implements  in  the 
neighbourhood  of  Ightham,  Kent,  their  Distribution  and  probable 
Age."     By  Joseph  Prestwich,  D.C.L.,  F.R.S.,  F.G.S. 

The  author  stated  that  Mr.  Harrison  of  Ightham  has  discovered 
over  400  paladolithic  implements  lying  on  the  surface  at  various 
heights  and  over  a  wide  area  around  Ightham.  A  description  of 
the  physiography  of  the  district  and  the  distribution  of  the  various 
gravels  and  drifts  was  given,  and  in  the  absence  of  fossils,  attention 
was  called  to  the  different  levels  at  which  the  deposits  occurred,  and 
to  their  physical  features  and  characters.  Besides  the  river-gravels, 
two  groups  of  unclassed  gravels  were  described,  one  occupying  a 
low  level,  and  the  other  levels  higher  than  that  to  which  the  river- 
drifts  reach  ;  the  latter  is  of  vaiied  compositioa. 
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In  the  case  of  the  Shode  valley,  only  Ijeds  helow  the  contour-level 
of  350  feet  in  its  upper  part,  and  of  800  feet  or  less  in  its  lower 
part,  oan  be  referred  to  the  former  action  of  the  Shode,  and  those 
above  this  belong  to  a  high-level  drift  of  uncertain  age.  The  com- 
position of  the  various  gravels  was  described  in  detail. 

The  implements  are  found  on  the  surface  of  the  land  at  all  levels 
up  to  600  feet,  and  Mr.  Harrison  has  discovered  them  at  40  localities 
in  the  hydrographical  basins  of  the  Shode,  the  Darent,  the  Ley- 
bourne  stream,  and  in  part  of  the  Thames  basin.     Two  groups  of 
implements  extend  far  beyond  the  limits  assigned  to  the  river-drifts 
formed  since  the  present  hydrographical  basins  were  established,  and 
must  be  accounted  for  by  some  other  means  than  those  in  connection 
with  the  former  rigime  of  the  existing  streams.     A  description  of  the 
general  characters  and  variations  observable  in  the  implements  was 
griven.     It  is  evident  from  the  condition  of  most  of  the  implements, 
that  they  have  been  imbedded  in  some  matrix  which  has  produced  an 
external  change  of  structure  and  colour.     In  the  case  of  the  river- 
gravel  sites,  the  question  presents  no  difficulty.    Three  classes  of 
implements  have  been  found — (i.)  where  the  flint  still  shows  some  of 
its  original  colour ;  (ii.)  those  of  which  the  surface  has  turned  from 
black  to  white,  has  been  altered  in  structure,  and  acquired  a  bright 
patina,  and  which  shows  no  trace  of  wear ;  (iii.)  those  of  which  the 
flint  has  also  lost  its  original  colour,  but  has  been  stained,  and  is 
with   or   without  patina;    these  are  generally  much   rolled.     The 
characters  of  the  first  call  for  no  comment     lliose  of  (ii.)  and  (iii.) 
are  very  marked,  and  there  is  no  difficulty  in  referring  each  to  a  dis- 
tinct matrix.     The  implements  of  class  ii.  have  been  embedded  in  a 
stiff  brick-earth,  generally  of  a  reddish  colour,  and  those  of  class  iii. 
seem  to  have  lain  in  ferruginous  beds  of  sand  or  gravel.     Hettsons 
were  given  for  supposing  the  surface  to  have  been  once  covered  with 
a  deposit  of  clay  or  loess,  since  denuded  except  where  preserved  in 
pipes,  and  that  a  continuous  plane  descended  from  the  high  range 
of  the  Lower  Greensand  to  the  Thames  valley,  which  has  since  been 
lowered  300  feet  or  more.     It  was  also  shown  that  the  high-level 
deposits  were  formed  anteriorly  to   the   Post-glacial  drifts  of  the 
Medway  and  Thames  Valleys.     It  is  probable  that  the  loess  is  a 
deposit  from  flood-waters,  and  that  some  of  it  may  be  referred  to  the 
Medway  flowing  at  a  higher  level ;  but  the  higliest  deposits  cannot 
be  so  accounted  for,  and  the  author  referred  to  the  possibility  of 
glacial  action,  without  insisting  on  it.     The  deposit  on  the  Chalk- 
plateau  is  abruptly  cut  off  by  the  river  valleys,  and  the  rudest  forms 
of  implements,  such  as  those  of  Ash  and  Bower  Lane,  occur  on  this 
plateau  at  from  500  to  650  feet,  and  the  author  thinks  they  may 
possibly  be  of  Pre-glacial  age.     The  changes  which  have  taken  place 
ia  the  physiography  of  the  district,  and  the  great  height  of  the  old 
chalk-plateau,  with  its  olay-with-flints  and  southern  drifts,  point  to 
long  intervals  of  time,  and  to  the  great  antiquity  of  the  rude  im- 
plements found  in  association  with  these  drifts.    That  the  removal  of 
the  material  indicates  the  existence  of  agents  of  greater  force  than 
those  operating  under  the  present  river  rigime  closes  up  the  tlmi^ 
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required  for  the  oompletion  of  tbe  great  physical  phenomena,  thongh 
the  author's  inquiry  tends  to  oarry  man  further  back  geologically 
than  is  usually  admitted. 


A  CORRECTION.— MESOZOIC  MONOCOTYLEDON. 

Sib, — In  my  review  of  Mesozoic  Angiosperms  in  the  Gbolootcal 
Magazine  for  May,  1886,  I  was  induced  to  figure  a  specimen  from 
the  Woodwardian  Museum,  which  I  found  placed  in  a  case  among 
Jurassic  plants,  and  which  I  was  informed  had  come  from  the  York- 
shire Oolites.  It  is  no  plant,  and  really  comes  from  Ascension,  and 
presents  one  of  those  extraordinary  cases  of  mimicry  which  all 
students  of  fossil  plant-remains  are  familiar  with.  While  presenting 
the  external  form  of  a  fruit  it  exhibited  no  trace  of  internal  vegetable 
structure,  and  I  therefore  abstained  from  cutting  a  section  for  the 
microscope  which  would  have  revealed  it  true  nature.  It  is  evidently, 
as  pointed  out  to  me  by  Prof.  Judd,  a  gobbet  of  lava,  which  has  been 
ejected  in  a  molten  state  to  a  great  height,  and  has  taken  its  ropy 
and  elongated  form  in  its  descent  through  the  air.  Knowing  its 
origin,  it  is  easy  to  see  how  the  mimic  spathe  has  been  formed  by 
tbe  overrunning  of  the  still  melted  top  down  one  side  of  the  already 
congealed  body,  like  a  guttering  candle ;  the  indistinct  seeds  being 
minute  air-bubbles  caught  between  the  two  surfaces.  I  fortunately 
forbore  to  give  it  any  sort  of  name. 

In  endeavouring  to  collect  together  and  describe  the  rare  and 
scattered,  ill-preserved,  and  mineralized  plant-remains  from  the 
marine  Mesozoic  beds  which  alone  fill  in  much  of  the  gap  between 
the  Carboniferous  and  the  Tertiary,  the  most  experienced  are  liable 
to  err.  Only  a  few  days  since  some  ooncretions  were  sent  to  me  by 
a  well-known  geologist  as  plants. 

Unfortunately  many  of  our  museums  abound  with  specimens  to 
which  hypothetical  localities  and  imaginary  formations  are  assigned. 
I  spent  the  best  part  of  a  day  in  noting  down  errors  of  this  descrip- 
tion in  the  Tertiary  and  Cretaceous  collection  of  a  northern  univereity 
museum,  and  sent  them  to  the  Curator,  who  up  till  now  has  not 
acknowledged  their  receipt  J.  Starkis  6ardmeb« 


A  SOUTH  AFRICAN  GEOLOGISTS*  ASSOCIATION. 

Sib, — You  will  be  pleased  to  know  that  a  "  South-African  Greologists' 
Association"  has  been  established  at  Grahamstown  in  connection 
with  the  Albany  Museum  there.  Dr.  Atherstone,  F.G.S.,  has  been 
appointed  its  first  President ;  and  there  are  Vice-Presidents  in  Cape 
Town,  Natal,  the  Free  State,  and  TransvaaL  Dr.  Atherstone  had 
long  endeavoured  to  get  up  such  a  Society,  and  the  Exhibition  there 
gave  the  opportunity  for  carrying  it  out.  T.  Rupkrt  Jombs. 

Dr.  J.  W.  Spencer,  Professor  of  Geology  at  tbe  University  of 
Georgia,  has  been  appointed  State  Geologist  of  Georgia. 


,   t-hc'Voi-c,  I     'Oo.i     S«l 
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L— Some  Additions  to  the  Vertebrate  Fauna  of  the  Norfolk 
"  Pbbolaoial  Forest  Bed  "  with  Description  of  a  New  Species 
of  Deeb  {CiCBrus  rectus). 

By  E.  T.  Nbwton,  F.G.S.,  F.Z.S. 
(PLATE  V.) 

VERTEBRATE  remains  from  the  ''  Forest  Bed  "  continue  to  be 
brought  to  light  by  the  rapid  denudation  of  the  East  Anglian 
coast,  and  I  have  again  to  acknowledge  my  indebtedness  to  Mr.  A. 
Savin.,  of  Cromer,  whose  assiduous  oollecting  has  preserved  so  many 
of  these  fossils,  and  made  them  available  for  scientific  study.  One 
of  the  specimens  which  he  has  now  sent  me  is  a  species  of  Cerviis, 
apparently  new  to  science,  while  the  others,  although  referable 
to  living  forms,  are  now  for  the  first  time  definitely  recorded 
from  the  "  Forest  Bed,'*  and  if  my  determinations  prove  to  be  correct, 
the  following  names  may  be  added  to  the  list  of  Mammalia  from 
this  deposit: — 

Cervua  rectus,  new  species. 

Bisoii  bonasna,  Linn.,  var.  prtscus,  Bojanus 
(to  replace  Bo$  primigenius), 

Phoca  harbaia,  Fabricius. 

Delphinapierus  leueua,  Pallas. 

Fhoeana  communia,  Lesson. 

Cervua  reeiua,  new  species.     Plate  Y.  Figs.  1,  la. 

One  of  the  most  interesting  specimens  recently  discovered  in  the 
Cromer  "  Forest  Bed "  is  a  small  cervine  antler  from  Sidestrand, 
attached  to  the  frontal  bone  by  a  long  pedicle,  which  reminds  one 
of  the  recent  Muntjao;  the  form  is  new  to  these  deposits  and, 
apparently,  is  an  undescribed  species. 

The  frontal  suture  has  been  broken  away,  and  consequently  the 
real  width  of  the  frontal  is  uncertain ;  it  is  now  about  29  mm.,  and, 
when  perfect,  could  scarcely  have  been  more  than  33  mm. ;  so  that 
the  entire  width  across  the  two  frontals,  just  above  the  orbit  and 
including  the  bases  of  the  pedicles,  could  not  have  been  more  than 
66  mm.  (a  little  more  than  2^  inches). 

The  pedicle  is  nearly  round,  where  it  is  free  above  the  frontal, 
and  has  a  circumference  of  58  mm. ;  seen  from  the  front  it  is  nearly 
vertical  npon  the  skull,  having  but  a  slight  divergence ;  while  in  a 
side  view,  it  is  so  oblique  to  the  frontal  as  to  extend  a  long  way 
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down  the  faoe  of  the  tkull ;  being  still  prominent  so  far  as  the 
speoitnen  extends,  and  forming  at  its  lower  part  a  distinct  angle  in 
front  and  another  at  the  outer  side,  with  a  flattened  space  between. 
At  the  back  the  pedicle  is  about  30  mm.  long:  in  front,  about  60  mm. 
About  70  mm.  of  the  beam  are  preserved,  including  the  burr,  the 
latter  being  rugose,  irregular  and  ill-defiDed.  Above  the  burr,  the 
beam  is  laterally  compressed,  and  is  set  somewhat  obliquely  upon 
the  pedicle,  so  that  from  the  front  it  is  seen  to  diverge  more  from  its 
fellow  than  does  the  pedicle  itself. 

The  length  of  the  pedicle,  as  well  as  the  manner  in  which  it  is 
set  on  the  skull,  is  quite  unlike  anything  hitherto  described  from 
the  ''  Forest  Bed  series,'*  or  indeed  from  any  other  British  Plioceoe 
or  Pleistocene  deposit.  The  simple  character  of  the  antler  at  once 
suggests  the  possibility  of  its  having  belonged  to  a  young  animal, 
perhaps,  the  first  antler  developed.  If  this  be  the  correct  interpre- 
tation 1  am  still  unable  to  find  any  species  which,  in  its  early  stages, 
would  be  likely  to  have  similar  pedicles. 

The  young  Hoebuck  has  at  first  a  somewhat  similar  simple  antler, 
but  not  flattened,  and  the  pedicle  is  shorter  and  differently  set  on 
the  skull.  The  nearly  allied  Cervus  cusanus  (Croizet  and  Jobert, 
pi.  viii.  ^g,  1)  also  has  a  much  shorter  pedicle.  Cervus  anoeeroM 
(Kaup,  Oss.  Foss.  Mara.  1832-9,  pi.  xxiv.  fig.  2),  which  with  0.  tri- 
gonocero8  is  now  included  in  the  one  species  C,  dicranoeeroa,  has  a 
pedicle  much  longer  than  this  Forest  Bed  specimen,  besides  having 
the  antler  bifurcate.  Cervus  {Prox)  furcatus  as  figured  by  Riitinieyer 
(Naturliche  Geschichte  der  Hirsche,  Abh.  Schweiz.  Pal.  Ges.  vol,  viL 
1870)  also  has  a  much  longer  pedicle  and  a  bifurcated  antler. 

As  this  **  Forest  Bed  "  specimen  cannot  be  referred  to  any  known 
species,  and  appears  to  be  a  new  form,  it  is  well  that  it  should  have 
a  distinctive  name ;  I  propose,  therefore,  in  accordance  with  the 
upright  character  of  the  antler,  that  it  should  be  called  Cervus  rectus. 

Bison  bonasnSf  Linn.,  var.  priscuSf  Bojanus. 

At  the  time  when  the  Survey  Memoir  on  the  "  Forest  Bed " 
Vertebrata  was  published  (1882)  much  doubt  was  expressed  (p.  42) 
as  to  whether  the  bovine  remains  then  known  should  be  referred  to 
Bos  or  Bison, 

1  am  now  able  to  speak  with  certainty  as  to  the  occurrence  of 
Bison  in  these  deposits.  Mr.  Randal  Johnson  obtained  at  Bacton 
and  Happisburgh  several  horn-cores  with  frontals,  undoubtedly 
belonging  to  Bison,  which  are  now  preserved  in  Mr.  J.  J.  Colman*s 
collection  at  Gorton,  and  their  "Forest  Bed"  origin  seems  to  be 
attested  by  their  mineral  condition.  Mr.  Savin  is  also  in  possession 
of  three  examples  of  Bison,  undoubtedly  from  the  **  Forest  Bed." 

The  first  of  Mr.  Savin's  specimens  is  a  much  crushed  horn-core 
with  part  of  the  skull,  from  the  Iron-pan  of  the  "Forest  Bed"  at 
Sidestrand.  The  condition  of  the  specimen  and  the  place  where  it 
was  found  leave  no  doubt  as  to  its  age,  and,  although  much  crushed, 
the  unmistakable  extension  of  the  skull  behind  the  base  of  the 
horn-core  shows  that  it  belongs  to  Bison  and  not  to  Boa. 
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The  second  specimen  is  from  the  "  Forest  Bed  "  of  Trimingham ; 
it  consists  of  a  pair  of  horn-cores  from  which  the  skull  has  been 
broken  away ;  they  are  slender  and  more  curved  than  in  most  fossil 
examples  of  the  Bison ;  but  a  portion  of  the  skull,  still  attached  to 
one  of  the  cores,  shows  that  they  were  placed  a  little  forward  from 
the  back,  and  consequently  must  be  referred  to  Bison, 

The  third  specimen  is  a  fine  large  hom-oore  from  the  ''Forest 
Bed  "  of  Overstrand.  There  is  not  sufficient  of  the  skull  left  to 
show  its  characteristic  extension  behind  the  horn-core;  but  it  is 
evidently  that  of  a  Bison ;  being  very  thick  and  compressed  at  its 
base,  where  its  cironmference  is  340  mm.,  and  comparatively  short, 
its  length,  measured  along  the  convex  surface,  being  390  mm. 

There  can  be  no  question  as  to  the  reference  of  these  specimens 
to  the  genus  Bi$on,  and  as  there  is  no  good  reason  for  supposing 
that  they  are  other  than  the  well-known  Pleistocene  species,  they 
are  place<l  with  Bison  priseus,  or  rather,  to  use  the  corrected  nomen- 
clature. Bison  bonasus,  var.  priseus. 

Having  then  undoubted  evidence  of  the  occurrence  of  Bison  in  the 
Cromer  "  Forest  Bed,"  and  as  all  the  bovine  specimens  hitherto 
found  may  belong  to  that  genus,  it  will  be  necessary  to  remove 
the  genus  Bos  from  the  lists  of  *'  Forest  Bed  "  mammals,  until  there 
is  definite  proof  that  both  forms  existed. 

Phoca    (Erignathus)   harbata,   Fabricius    (Bearded   Seal),       PI.  V. 

Figs.  2,  2a. 

The  genus  Phoca  has  already  been  recorded  from  the  Cromer 
"  Forest  Bed  "  (Survey  Memoir,  p.  29) ;  but  the  specimens  known 
did  not  allow  of  specific  identification,  although  it  was  thought  they 
might  belong  to  Phoca  vitulina.  Mr.  Savin  now  possesses  a  very  fine 
characteristic  humerus  of  a  large  Seal  from  Overstrand,  near  Cromer. 

The  deltoid  crest  as  well  as  the  proximal  and  distal  tuberosities 
are  somewhat  broken,  so  much  of  the  latter  being  lost  that  only  a 
trace  of  the  supra-condylar  foramen  remains.  In  spite  of  these 
defects,  however,  there  can  be  no  question  as  to  the  form  of  the 
bone.  The  deltoid  crest  is  strongly  developed  and  extends  half-way 
down  the  bone,  its  outer  side  having  a  well-marked  depression. 
The  shaft  is  laterally  compressed  ;  the  upper  part  of  the  back  is 
rounded,  but  lower  down  there  is  a  ridge,  which  passing  outwards 
is  continuous  with  the  outer  or  supinator  ridge.  A  smooth  space  on 
the  inner  side  a  little  above  the  diHtal  articulation  shows  the  position 
of  the  supra-condylar  foramen.  The  principal  measurements  of  the 
bone  are  : — greatest  length,  143  mm.  (5*55  inches) ;  short  diameter 
of  middle  of  shaft,  19  mm.;  length  of  deltoid  crest,  76  mm. ;  diameter 
of  head,  30  mm. 

On  comparing  this  humerus  with  those  of  the  Seals  in  the  Royal 
College  of  Surgeons  and  in  the  British  Museum,  I  find  it  differs  in 
certain  important  points  from  all  but  one  of  them,  namely,  Phoca 
harbata,  and  with  this  it  agrees  so  exactly  in  every  particular,  except 
in  being  a  trifle  smaller,  that  I  have  no  hesitation  in  referring  the 
fossil  to  the  same  species. 
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Phoca  harhata  is  foand  living  at  the  present  day  in  the  more 
northern  parts  of  the  Atlantic  and  in  the  Arctic  Seas.  Althongh 
the  species  has  been  recorded  as  British,  yet,  according  to  Bell 
(British  Quadrupeds,  second  edition,  1874,  p.  238),  it  seems  to  be 
very  doubtful  whether  the  species  has  ever  been  found  living  on  the 
coasts  of  Britain,  llie  skeleton  in  the  British  Moseum  is  said  to 
have  come  from  the  North  Sea. 

Monodon  tnonoeeroa,  Linn.  (Narwhal). 

The  occurrence  of  the  Narwhal  in  the  **  Forest  Bed  **  was  noted 
in  the  Survey  Memoir,  a  portion  of  a  tusk  in  the  Norwich  Museum 
having  been  identified.  It  is  satisfactory,  however,  to  be  able  to 
confirm  this  identification  by  a  specimen  of  peculiar  interest  from 
the  "  Forest  Bed  "  of  Overstrand,  near  Cromer,  now  in  the  possession 
of  Mr.  Savin.  It  is  well  known  that  the  male  Narwhal  has,  as  a 
rule,  only  one  large  tusk  developed,  and  this  on  the  left  side ;  the 
right  one  being  aborted  and  so  small  as  to  be  entirely  buried  in  the 
bones  of  the  snout.  Mr.  Savings  specimen  is  a  portion  of  the  right 
side  of  a  NarwhaVs  skull,  which  having  been  broken  open,  shows 
the  hinder  half  of  the  aborted  tusk  in  $iiu.  This  portion  of  tusk  is 
140  mm.  in  length  and  25  mm.  in  diameter.  The  hinder  end  is 
curved  inwards,  as  in  some  recent  specimens,  and  the  pulp  cavity 
is  entirely  obliterated  by  a  deposit  of  irregular  dentine,  which  forms 
a  globose  mass  at  the  base  of  the  tusk. 

Delphinaptertis  leucua,  Pallas  (Beluga,  or  White  Whale).     Plate  V. 

Figs.  3,  3a. 

To  this  genus  and  species  is  referred  a  fifth  or  sixth  caudal 
vertebra  from  the  **  Forest  Bed  "  of  East  Runton,  which  is  more 
nearly  perfect  than  most  of  the  Cetacean  vertebrae  from  these  beds. 
The  terminal  epiphyses  are  wanting  and  the  ends  of  the  transverse 
processes  are  somewhat  broken,  but  the  forms  of  the  centrum  and 
neural  arch  are  well  preserved.  The  greatest  height  of  the 
specimen,  including  as  much  of  the  neural  spine  as  is  present,  is 
113  mm.;  the  front  surface  of  the  centrum  is  slightly  hollow  and 
shows  distinctly  the  radiating  ridges  from  which  the  epiphysis  has 
separated ;  it  is  about  76  mm.  high  and  68  mm.  wide.  The  hinder 
surface  is  slightly  convex  and  is  rather  smaller  than  the  front  The 
greatest  length  of  the  centrum,  in  its  present  condition,  is  about 
55  mm.,  so  that  with  its  epiphyses  its  length  must  have  been  nearly 
if  not  quite  equal  to  its  width. 

The  transverse  processes  are  a  little  below  the  middle  of  the 
centrum,  and  their  bases,  or  rather  the  sides  of  the  centrum  at  their 
bases,  are  each  pierced  vertically  by  a  large  vascular  canal,  which 
is  rather  nearer  the  back  than  the  front  of  the  centrum.  Immediately 
below  the  lower  opening  of  each  of  these  canals  is  another  which 
passes  obliquely  through  the  lower  part  of  the  centrum  and  enters 
the  haemal  groove,  seen  on  the  lower  surface  of  the  specimen. 

Having  compared  this  vertebra  with  the  specimens  in  the  Royal 
College  of  Surgeons  and  in  the  British  Museum,  I  find  it  to  be 
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larger  than  the  oorresponding  one  in  TuratopB  tur$io ;  hat  smaller 
than  that  of  Olohieephalw  melaa,  Paeudorca  or  Monodon.  It  agrees, 
howeyer,  so  nearly  in  size  and  shape  with  the  fifth  or  sixth  caadal 
Tertebra  of  the  White  Whale  {Delphinapterus  leucuB),  that  I  feel 
jiutified  in  placing  it  in  that  species. 

Mr.  Savin  has  another  vertebra  from  the  "  Forest  Bed  "  of  Over- 
strand  which,  although  much  damaged,  is  evidently  from  the  lumbar 
region,  and  has  on  the  under  surfsuse  two  distinct,  oblique  grooves, 
similar  to  those  seen  in  the  White  Whale ;  but  which  I  have  been 
unable  to  find  in  any  other  Cetacean  skeleton  of  a  corresponding 
size.     This  vertebra  is  also  referred  to  J),  leucm. 

A  Cetaoean  vertebra  in  the  Owles  collection,  British  Museum  (No. 
46,290)  dredged  in  the  North  Sea  has  been  placed  in  this  species  by 
Mr.  R.  Lydekker  (Cat.  Foss.  Mamm.  Brit.  Mus.  part  v.  p.  79), 
but  this  is  probably  of  more  recent  origin,  as  pointed  out  by  my 
friend  Mr.  W.  Davies  (Geou  Mag.  Dec.  II.  Vol.  V.  p.  97,  1878). 

At  the  present  day  the  White  Whale  is  an  inhabitant  of  the  Arctic 
seas,  although  it  has  occasionally  been  met  with  on  the  north  British 
coasts. 

Phoccena  commfmis.  Lesson  (Porpoise).     Plate  Y.  Figs.  4,  4a. 

I  have  now  to  call  attention  to  a  caudal  vertebra  of  a  small 
Cetacean  from  the  **  Forest  Bed  "  of  Sidestrand.  It  is  of  similar 
size  to  that  of  the  Dolphin,  a  species  already  recorded  from  these 
beds,  but  its  proportions  are  different  The  neural  arch  and 
transverse  processes  are  broken  away ;  but  the  epiphyses  are  firmly 
united  and  the  sutures  obliterated.  The  vertical  vascular  canals 
pass  through  the  bases  of  the  transverse  processes,  and  are  similar  to 
those  of  the  caudal  vertebra  of  the  White  Whale  described  above. 
Tlie  faces  of  the  centrum  are  nearly  round  and  fiat,  with  only  a 
slight  concavity  in  the  middle ;  the  height  and  width  being  each 
about  86  mm.,  while  the  length  of  the  centrum  is  about  33  mm.  or 
nearly  equal  to  the  width.  This  proportion  of  length  to  width  is 
quite  unlike  what  is  found  in  the  Dolphin,  but  agrees  with  that 
seen  in  the  Porpoise ;  and  indeed  the  agreement  of  this  specimen 
with  the  fifth  or  sixth  caudal  vertebra  of  Phocana  communtB  is 
sufficient  to  justify  its  reference  to  that  species. 

The  Porpoise  is  now  living  in  the  North  Atlantic  and  is  common 
around  the  coasts  of  Great  Britain. 

EXPLANATION   OF  PLATE   V. 
All  speeimeiuifrom  the  "  Forest  Bed  Series  *'  and  in  Mr.  Savin's  Collection  at  Cromer. 

Fig.  1 .     Cervus  rectus,  n.  sp.  Right  antler  and  frontal,  from  Sidestrand ;  front  riew. 

Fig.  la.   CervM  rrettu,  side  view. 

Fig.  lb.  Section  of  antler. 

Fig.  2.     Phoeu  barhata,  Fabricius,  Left  hamenis,  from  Overstrand,  inner  side. 

Fig.  2a.  Fhoea  barbata,  front  view. 

Fig.  3.  Delphinapterui  leueus,  Pallas.  Caadal  Tertebra  (5tb  or  6tb),  from  East 
Runton ;  side  view. 

Fig.  3a.  Deiphinapterwi  Itueut,  front  view. 

Fig.  4.  Phoe€tna  eommunu^  Lesson.  Caadal  Tertebra  (5tb  or  6th),  from  Side- 
strand ;  side  Tiew. 

Fig.  4«.     Fkocmna  cummunU,  front  Tiew. 
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n. — On   THE  SUPIBEHFOSED    DbAINAOIOF  THB   EnOLISH  LaKI 

District. 
B7J.  E.Uua,  U.A.,8ae.0.S. 
"  11/ HAT  waa  the  condition  of  our  present  monntun  triot  during 
VV  the  great  CJnrboniferous  period?  Wm  it  wholly  submerged 
ftfter  the  elevation  aad  denudatioD  to  which  we  have  already  aeen 
it  snbject,  or  was  there  always  a  nuDleus  of  dry  laud — ma  embryo 
of  Cuiubria — around  which  the  Carboniferous  depoaits  were  laid 
down  ?  I  do  not  think  this  ia  r  question  that  oan  ever  be  decidedly 
answered." ' 


GEOI.OGT 


It  ie  a  question  which  has  frequently  been  asked,  and  the  answers 
given  are  various.  In  the  present  communication  I  inlend  to  look 
at  it  from  a  somewhat  different  point  of  view  from  that  in  which  it 
Las  usually  been  approached,  thoiiRh  the  view  here  adopted  in  many 
respects  resembles  that  taken  by  the  late  Mr.  Hopkins.'    The  e^iact 

'  On  the  rhjsical  History  of  tke  English  Lake  District,  by  the  Sev.  J.  C.  Wwd. 
Geol.  Mao.  Dec.  II.  Vol.  VI.  p.  6S. 
'  Ob  ths  Elaiatiaa  and  Deaudation  of  the  Distnct  of  the  Lakes  of  CumbeiUnd 

'  "-     ■  ■       1,  0.  J.  G.  S.  TOI.  IT.  p.  70. 


J.  J?.  Marr — Drainage  qfthe  English  Lakes,  151 

influence  which  the  faults  have  had  in  determining  the  trend  of  the 
major  yalleys  is  however  of  little  importance  to  my  present  inquiry. 

§  1. — Structure  of  the  District, 

The  well-known  general  structure  of  the  district  is  seen  in  the 
sketch-map,  which  exhibits  the  Lower  Palseozoic  rocks  nearly 
surrounded  on  every  side  by  a  girdle  of  Carboniferous  Limestone, 
the  strike  of  which  is  always  approximately  parallel  to  the  line  of 
demarcation  between  the  older  and  newer  rocks,  the  former  rising 
up  as  an  irregular  dome  within  the  latter.  Whereas  the  main  axis 
of  the  older  rocks  within  the  district  runs  through  the  Skid  daw  group 
of  hills,  the  present  watershed  is  marked  by  an  east  and  west  line 
running  through  the  Scawfell  group  across  Kirkstone,  and  the  passes 
at  the  heads  of  the  Eentmere  and  Long  Sleddale  valleys  to  Shap 
Wells,  whence  it  is  ccmtinued  in  an  easterly  direction  over  ground 
occupied  by  Carboniferous  rocks,  separating  the  head-waters  of  the 
rivers  Eden  and  Lune. 

§  2. — Condition  of  the  area  at  the  commencement  of  Carhoniferotis  times. 

Mr.  Hopkins  pointed  out  that  the  dip  of  the  Carboniferous  rocks 
was  everywhere  sufficient  to  carry  them  far  above  the  present  surface 
of  the  older  rocks  in  the  central  part  of  the  district,  and  he  gives 
cogent  reasons  for  supposing  that  they  actually  did  so  extend.  As  it 
is  of  the  utmost  importance  that  this  point  should  be  definitely 
settled,  I  propose  here  to  give  further  arguments  in  favour  of  the 
submergence  of  the  whole  of  the  Lower  Palaeozoic  area  during 
Carboniferous  times,  and  to  show  that  the  present  drainage  was 
certainly  not  impressed  upon  the  district  in  pre-Carboniferous  days. 

The  very  uniform  plain  of  denudation  upon  which  the  Carboniferous 
rocks  were  laid  down  in  the  Ingleborough  region  is  well  known,  but 
those  who  maintain  the  existence  of  a  pre-Carboniferous  ridge  over 
the  area  of  the  present  Lake  District  require  the  cessation  of  tliis 
plain  towards  the  west.  But  MM.  de  Koninok  and  Lohest  ^  show  that 
the  Lower  Carboniferous  beds  of  Belgium  are  represented  by  the 
conglomerate  of  the  Ingleborough  district,  and  it  it>  probable  that 
beds  quite  as  low  occur  in  the  immediate  proximity  of  the  Lake 
District,  though  this  point  will  be  definitely  settled  when  Mr.  E.  J. 
Grarwood,  B.A.,  who  is  now  engaged  in  a  detailed  examination  of 
the  Carbonifeous  zones  of  the  region  has  published  his  researches. 
If  the  Lake  District  area  had  stood  out  as  an  elevation  at  this  period, 
the  equivalents  of  the  lowest  strata  of  Ingleborough  should  be 
absent  here.  Not  only  does  the  Mountain  Limestone  form  a  nearly 
complete  ring  round  the  lakes,  but  at  one  point  where  the  ring  is 
broken  by  the  complex  group  of  faults  uniting  the  Craven  and 
Pennine  fractures,  great  masses  of  the  limestone  are  let  down  into 
the  dome,  as  at  Grey  Rigg  and  Kendal,  indicating  that  the  limestone 
at  any  rate  extended  thus  far. 

Again,  the  folding  of  the  Lower  Palaeozoic  rocks  would  not  give 

^  Notice  SOT  le  Parell^lisme  entre  le  calcaire  Carbonif^re  du  nord^onest  de 
PAngleterre  et  celoi  de  la  Belgique,  BaUetins  de  rAcad^mie  royale  de  Belgique, 
t"M.  terie,  t.  xL  no.  6. 
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rise  to  a  ridge  along  the  present  line  of  watershed  of  the  Lake 
Di strict,  hut  along  the  centre  of  the  anticline,  though  there  may 
have  heen  higher  ridges  of  older  rock  existing  to  the  north  of  the 
Skiddaw  axis,  which  determined  the  trend  of  the  pre-CarboniferoDS 
valleys,  and  that  this  was  the  case  is  indicated  by  an  examination 
of  the  mode  of  occurrence  of  the  irregular  patches  of  the  basal 
Carboniferous  conglomerate,  and  a  study  of  their  included  pebbles. 
These  conglomerates,  from  their  extremely  local  distribution,  are 
generally  and  probably  rightly  supposed  to  have  been  deposited  in 
the  troughs  of  inequalities,  though  there  is  some  doubt  as  to  the 
region  from  which  the  material  was  brought.  Mr.  Clifton  Ward,  in 
the  paper  cited,  comments  upon  the  close  similarity  between  the 
pebbles  of  the  Mell  Fell  conglomerate  to  the  rocks  forming  the 
Ludlow  beds  of  the  Eendal  district,  and  the  great  rarity  of  local 
rocks  in  the  conglomerate.  I  have  recently  detected  a  pebble  in 
the  same  conglomerate  at  Roman  Fell  near  Appleby,  containing 
a  fossil  which  appears  to  be  Bhynchonella  nucula,  a  characteristic 
Ludlow  form.  But,  that  these  pebbles  cnme  from  the  south  is 
unlikely  for  the  reason  to  be  noted  immediately,  and  similar  rocks 
occur  in  the  southern  uplands  of  Scotland  on  the  south  side  of  what 
probably  constituted  a  pre-Carboniferous  mountain  axis,  so  that  the 
drainage  may  well  have  come  from  this  direction.  Prof.  Hughes 
has  detected  in  the  same  conglomerates  in  the  Lune  Valley,  pebbles 
of  the  well-known  Eeisley  limestone  of  Appleby,  a  peculiar  and 
ea8ily  recognizable  rock,  which  is  developed  in  this  form  in  no  other 
part  of  the  district,  and  which,  for  reasons  which  cannot  be  here 
given,  is  unlikely  to  occur  elsewhere.  This  discovery  indicates  a 
drainage  on  the  pre-Carboniferous  slopes  in  a  southerly  direction, 
and  suggests  a  northern  source  for  the  pebbles  of  the  conglomerate. 
Now  Eeisley  is  separated  from  the  Lune  Valley  by  a  continuation 
of  the  main  watershed  of  the  Lake  District,  so  that  at  the  time  of 
the  formation  of  the  conglomerate,  if  the  pebbles  of  the  Lune  Valley 
have  actually  come  from  Eeisley,  the  present  watershed  did  not  ezint, 
and  indeed  the  way  in  which  the  Carboniferous  rocks  rise  from 
Tebay  to  Shap  Wells,  and  then  sink  to  the  Eden  Valley,  proves  that 
this  elevation  was  post-Carboniferous. 

Recent  discoveries,  it  will  be  seen,  fully  confirm  Mr.  Hopkins's 
conclusion  that  the  Carboniferous  rocks  were  laid  down  over  the 
area  of  the  present  Lake  District  upon  an  even  horizontal  surface. 

§  8. — Post- Carboniferous  Changes,      Formation  of  the  Dome,  and 

Determination  of  the  Drainage, 

The  examination  of  the  area  has  shown,  what  would  be  a  priori 
expected,  that  the  pre-Carboniferous  drainage  was  not  determined 
by  the  more  modern  Lower  Paleeozoic  rocks  of  the  district,  and  these 
could  be  converted  into  the  highest  ground  of  the  region  by  no 
other  means  than  a  further  uptbrust,  which  took  place  in  post- 
Carboniferous  times.  Even  then,  the  drainage  would  not  radiate 
from  an  area  of  Lower  Palsdozoic  rocks,  unless  these  rose  above  the 
ling  high  ground  caused  by  the  accumulation  of  the  up- 
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heaved  newer  aediments,  and  the  thickness  of  the  latter  in  the 
immediate  proximity  to  the  centre  of  the  district  forbids  the  sup- 
position that  a  high  mountain  tract  over  which  Carboniferous  rocks 
were  never  deposited  arose  in  that  centre.  If  we  prolong  the 
Carboniferous  rocks  over  the  present  area  in  accordance  with  their 
various  dips  at  the  margins,  we  shall  find  that  the  centre  of  the  dome 
composed  of  these  roehs  would  coincide  with  the  small  tract  from  which 
Ae  principal  valleys  radiate,  viz.  the  region  of  Scawfell  and  Gable. 
The  appearance  of  the  eight  principal  valleys  extending  from  this 
point,  like  the  spokes  of  a  wheel,  is  beautifully  described  by  Words- 
worth.' They  are  Windermere,  Coniston,  Duddon,  Eskdale,  Wast- 
dale,  Ennerdale,  the  Vale  of  the  Cocker,  and  Borrowdale.  Further 
to  the  east  the  symmetry  of  the  dome  is  destroyed  by  its  pro- 
longation in  an  easterly  direction  as  an  anticlinal  (though  even  here 
the  Carboniferous  beds  dip  eastward  on  the  summit  of  the  anticlinal 
axis,  showing  that  the  district  does  not  merely  comprise  the  end 
of  an  anticline),  and  by  the  proximity  of  the  great  faults  of  the 
Lune  Valley.  Here,  also,  the  radial  character  of  the  valleys  is 
noticeable.  To  the  north  of  the  axis  are  the  vales  of  Thirl  mere, 
Ulles water,  and  Ha wes water,  and  to  the  south,  those  of  Eentmere, 
Long  Sleddale,  Crookdale,  Bannisdale,  and  Wastdale.  This  radial 
arrangement  is  well  exhibited  in  the  case  of  the  valleys  containing 
the  larger  lakes,  on  examining  the  small  map.  The  valleys  do  not 
in  all  cases  coincide  with  the  observed  or  theoretical  faulta  shown 
by  Mr.  Hopkins  upon  his  map,  though  the  general  direction  is  the 
same. 

The  radiating  disposition  of  the  vales  could  not  have  been  deter- 
mined except  by  a  somewhat  regular  dome-shaped  upheaval  of  the 
country,  and  the  trend  of  the  Lower  Palaeozoic  rocks  shows  no 
tendency  towards  the  formation  of  a  dome  in  them  before  the 
deposition  of  the  Carboniferous  rocks,  whereas,  as  has  been  above 
noted,  the  dips  of  the  Carboniferous  rocks  do  point  to  the  pro- 
duction of  a  post-Carboniferous  dome,  whose  centre  coincides  with 
the  point  from  which  the  valleys  diverge.  The  drainage  system  is, 
in  fact,  strikingly  similar  to  that  represented  by  Mr.  Gilbert  in  the 
case  of  the  Ellsworth  Arch,'  even  to  the  slight  irregularity  whioh 
occurs  at  the  north  end  of  the  latter,  owing  to  the  proximity  of 
Mounts  Holmes  and  Hillers,  and  at  the  east  end  of  the  Lake  District 
owing  to  the  anticline  separating  the  Lune  and  Eden  Valleys,  and 
the  faults  of  the  Lune  Valley. 

It  is  hard  to  resist  the  conclusion  that  in  the  Lake  District,  as  in 
the  Henry  Mountains,  we  have  a  case  of  superimposed  drainage^  the 
valleys  having  had  their  direction  determined  by  the  slopes  caused 
by  the  upheaval  of  the  Carboniferous  and  possibly  of  newer  rooks, 
though  they  now  run  in  the  centre  of  the  district  entirely  through 
Lower  Palasozoic  rocks,  the  newer  rocks  which  were  the  cause  of 
their  present  trends  having  been  completely  removed  by  denudation. 

This  seems  to  me  the  strongest  argument  in  favour  of  the  former 

1  A  romplete  Guide  to  the  Lakes,  third  edition,  page  HI. 
*  Geolo^  of  the  Heniy  Moimtaixia,  p.  139,  fig.  71. 
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extension  of  the  Carboniferous  rooks  over  the  district,  and  the  study 
of  the  valley -systems  of  other  areas  will  probably  enable  us  ia 
many  oases  to  argue  conoerning  the  former  extension  of  beds  over 
regions  from  which  they  have  long  since  disappeared. 

jThe  duration  of  the  movement  which  caused  the  elevation  of  the 
dome  is  hard  to  determine.  There  is  no  doubt  that  elevation  had 
taken  place  before  the  deposition  of  the  New  Red  Sandstone  deposits 
of  Edenside  and  the  Cumbrian  coast,  for  the  latter  rest  unconforro- 
ably  upon  the  Lower  Palseozoio  rocks  in  places,  and  the  former 
contain  fragments  of  Mountain  Limestone,  whilst  the  sandstones  were 
probably  derived  in  great  part  from  the  denudation  of  the  Carboni- 
ferous sandstones.  In  connexion  with  this  point  the  rarity  or 
absence  of  Lower  Palaeozoic  pebbles  in  the  New  Red  breccias  of 
Edenside  is  noticeable,  and  has  been  commented  upon  by  Mr. 
Qoodchild.^  It  furnishes  another  argument  in  favour  of  the 
extension  of  the  Carboniferous  rocks  over  the  central  part  of  the 
district.  But  that  the  elevation  was  entirely  carried  on  during  the 
time  that  elapsed  between  Carboniferous  and  New  Red  SHudstone 
times  is  negatived  by  the  dip  of  the  New  Red  itself,  which,  as 
observed  by  Mr.  Hopkins  and  Mr.  Goodchild,  is  sufficient  to  carry 
these  deposits  also  over  the  central  dome.  Now,  the  north-east 
portion  of  the  Lake  District  dome  coincides  with  the  western  margin 
of  the  New  Red  basin  of  Edenside,  and  was  therefore  partly 
determined  simultaneously  with  the  latter. 

The  New  Red  Sandstones  were  apparently  deposited  in  a  fjord- 
like indentation  produced  during  the  deposition  of  these  rocks  (a 
point  which  is  well  worth  working  out  in  detail  by  any  one  who 
has  carefully  studied  the  characters  and  distribution  of  these  rocks). 
But  there  api)ears  to  be  no  important  physical  break  between  the 
New  Red  deposits  of  Edenside  and  the  lowest  Jurassic  beds  of 
Carlisle.  The  position  of  the  latter  indicates  that  they  also  were 
deposited  during  the  continuance  of  the  formation  of  the  basin,  and 
there  ia  no  reason  why  these  and  newer  Mesozoic  rocks  should  not 
have  once  extended  over  the  gradually  rising  dome  of  the  Lake 
District.  If  this  be  so,  the  valleys  of  the  district  need  not  date  back 
to  any  very  remote  period,  and  may  even  have  been  commenced  in 
Tertiary  times. 

§  4. — Origin  of  the  Dome. 

It  has  been  observed,  that  although  the  Lake  District  dome  is  a 
continuation  westward  of  an  anticlinal  axis,  it  is,  nevertheless,  in  a 
certain  sense  distinct  from  this  axis.  Not  only  is  this  the  case,  but 
it  will  be  noticed,  on  examining  a  geological  map  of  England,  that 
the  dome  causes  a  marked  asymmetry  in  the  arrangement  of  the 
Carboniferous  rocks. 

The  north  and  south  Pennine  axis,  and  the  east  and  west  axis 
separating  the  coal-field  of  Yorkshire,  Derbyshire,  and  Nottingham- 
shire from  that  of  Newcastle,  and  that  of  South  Lancashire  and 
North  Staffordshire  from  that  of  Cumberland,  give  rise  to  a  cruciform 

1  Trans.  Cnmb.  and  West.  Amoo.   1886,  p.  37. 
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arrangement  of  the  coal-fields,  bat  the  north-west  part  of  the  cross 
IB  interfered  with  by  the  Lake  District  dome,  and  hetice  the  Cambrian 
coal-field  is  of  small  dimensions  as  compared  with  that  of  Newcastle. 
TVhilst  the  widespread  movements  which  caused  this  cruciform 
arrangement  were  proceeding,  a  local  movement  has  produced  the 
asymmetry  of  the  north-west  portion.  To  what  is  this  local  move- 
ment due?  Can  the  comparison  with  the  laccolitic  structure  be 
carried  further,  and  may  we  suppose  that  a  lenticle  of  igneous  rock 
lies  at  some  depth  below  the  Lower  Paleeozoic  rocks  of  the  Lake 
District?  The  evidence  on  this  point  is  wanting.  Most  of  the 
igneous  rocks  which  penetrate  the  Lake  District  slatt^s  appear  to  have 
heen  intruded  before  the  formation  of  the  Carboniferous  deposits, 
and  the  latter  are  remarkably  free  from  igneous  intrusions.  Those 
which  do  occur  are  of  a  basic  character. 

The  existence  of  the  Whin  Till  indicates  the  occurrence  of 
large  masses  of  basic  rock  at  a  lower  level,  and  it  might  he  com- 
pared with  one  of  the  outlying  sheets  of  the  Henry  Mountain 
laccolites.  But  the  position  of  the  igneous  masses  with  which  it  is 
connected  are  not  easy  to  fix,  and  the  rocks  of  the  Lake  District  and 
the  surrounding  area  do  not  exhibit  the  abundance  of  basic  dykes 
which  one  would  expect  in  the  vicinity  of  a  laccolitic  mass.  There 
are  a  few  dykes  in  the  Carboniferous  rocks  of  the  Whitehaven  district 
and  near  Ulles water,  and  another  dyke  pointing  to  the  Lake  Di strict 
is  mapped  by  the  geological  surveyors  in  the  Carboniferous  rocks  of 
Caton  Green  near  Lancaster.  Near  the  centre  of  the  dome  are  several 
radial  and  tangential  basic  dykes,  as  seen  in  the  geological  map  of 
the  country  around  Wastwater,  and  these  dykes  are  newer  than  the 
numerous  acid  dykes  which  cut  through  the  same  rocks,  for  they 
displace  them.  We  may  be  allowed,  then,  to  suggest  the  jwssibility 
of  a  mass  of  basic  rock  underlying  and  connected  with  the  formation 
of  the  Lake  District  dome,  without  in  any  way  insisting  upon  its 
pn>bability. 

Be  this  as  it  may,  the  superimposed  drainage  of  the  Lake  District 
appears  to  be  an  actual  fact,  and  the  occurrence  of  this  is  an 
interesting  point  in  the  fascinating  study  of  the  physical  history  of 
this  beautiful  and  remarkable  area. 


IIL — Tn«   Work  of  Prof.  Henrt  Carvill  Lewis   in  Glacial 

Geology. 

By  Wab&en  TJpham,  of  the  United  States  Geological  Snrrey. 

IlHE  recent  notice*  of  the  life  and  work  of  Prof.  Henry  Carvill 
Lewis,  whose  lamented  death  occurred  in  Manchester,  July 
21st,  1888,  in  his  thirty-fifth  year,  well  indicates  the  wide  range  of 
his  scientific  labours.  He  published  valuable  results  of  investiga- 
tions in  astronomy,  mineralogy  and  petrology,  and  especially  in 
glacial  geology,  the  last  being  based  on  his  exploration  of  the  drift 

>  This  Magazine,  IH.  Vol.  V.  pp.  428-430,  September,  1888.  A  similar  but 
more  extended  notice,  with  portrait,  appeared  in  the  American  Qeologist  for 
December,  1888. 
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and  its  terminal  moraines  in  the  United  States,  and  later  in  Ireland, 
Wales  and  England.  The  present  article  reviews  his  oontribotiona 
to  our  knowledge  of  these  drift  formations  and  of  the  history  of  the 
Ice  Age,  bringing  into  comparison  and  correlation  the  glacial  records 
of  America  and  Europe.  Comprehensive  as  were  Professor  Lewis' 
observations  and  studies  in  this  field,  he  was  planning  yet  more 
tliorough  and  extensive  exploration  of  the  drift  in  Britain,  Germany 
and  Scandinavia,  when  he  was  taken  from  us.  In  his  death  the 
geologists  of  two  continents  mourn  the  loss  of  a  most  gifted  and 
faithful  fellow- worker,  who  indeed  already  had  achieved  a  grand 
life-work  in  the  few  years  allotted  to  him. 

Professor  Lewis  first  became  specially  interested  in  the  glacial 
drift  and  the  terminal  moraine  of  the  North  American  ice-sheet 
during  the  later  part  of  the  year  1880,  when  in  company  with  Prof. 
G.  F.  W light  he  studied  the  remarkable  osars  of  Andover,  Mass., 
the  gravel  of  Trenton,  N.J.,  containing  palasolithic  implements,  the 
drift  deposits  of  the  vicinity  of  New  Haven,  Conn.,  under  the 
guidance  of  Professor  Dana,  and  finally  the  terminal  moraine  in 
Eastern  Pennsylvania,  between  the  .Delaware  and  Lehigh  rivers. 
The  following  year  Professors  Lewis  and  Wright  traversed  together 
the  southern  border  of  the  drift  through  Pennsylvania,  from  Belvi- 
dere  on  the  Delaware  west-north-west  more  than  200  miles  across 
the  ridges  of  the  Alleghanies  to  Little  Valley,  near  Salamanca,  N.Y., 
and  thence  south-westerly  130  miles  to  the  line  dividing  Pennsyl- 
vania and  Ohio,  which  it  crosses  about  fifteen  miles  north  of  the 
Ohio  river.  The  report  of  this  survey  of  the  terminal  moraine  was 
publiMhed  in  1884,  forming  volume  Z  of  the  Reports  of  Progress  of 
the  Second  Geological  Survey  of  Pennsylvania.  With  the  similar 
exploration  of  other  portions  of  this  great  moraine  done  a  few  years 
earlier  by  Prof.  Chaniberlin  in  Wisconsin,  Profs.  Cook  and  Smock 
in  New  Jersey,  and  the  present  writer  in  Long  Island,  thence  east- 
ward to  Nantucket  and  Cape  Cod,  and  also  in  Minnesota,  it  com- 
pleted the  demonstration  of  the  formation  of  the  North  American 
drift  by  the  agency  of  land-ice. 

The  observations  of  the  moraine  in  Pennsylvania  detailed  in  this 
volume  are  summarized  by  Prof.  Lewis  as  follows: — **The  line 
separating  the  glaciated  from  the  non -glaciated  regions  is  defined  by 
a  remarkable  accumulation  of  unstratified  drift  material  and  boulders, 
which,  heaped  up  into  irregular  hills  and  hollows  over  a  strip  of 
ground  nearly  a  mile  in  width,  forms  a  continuous  line  of  drift  hills 
(more  or  less  marked)  extending  completely  across  the  State.  These 
hills  vary  in  height  from  a  few  feet  up  to  100  or  200  feet ;  and  while 
in  some  places  they  are  marked  merely  by  an  unusual  collection  of 
large  transported  boulders,  at  other  places  an  immense  accumulation 
forms  a  noteworthy  feature  of  the  landscape.  When  typically  de- 
veloped this  accumulation  is  characterized  by  peculiar  con1x)urs  of  its 
own, — a  series  of  hnmmoclcs,  or  low  conical  hills,  alternate  short 
straight  ridges,  and  inclosed  shallow  basin-shaped  depressions,  which 
like  inverted  hummocks  in  shape  are  known  as  kettle  holes.  Large 
boulders  are  scattered  over  the  surface;    and  the   unstratified  till 
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which  oomposes  the  deposit  is  filled  with  glaoier-soratohed  boulders 
and  fragments  of  all  sizes  and  shapes." 

From  its  lowest  point  in  Pennsylvania,  where  it  crosses  the 
Delaware  250  feet  above  the  sea-level,  this  terminal  moraine  of  the 
ioe-sheet  extends  indiscriminately  across  hills,  mountains  and  valleys, 
rising  over  2000  feet  above  the  sea  in  crossing  the  AUeghanies,  and 
attaining  the  maximum  of  2580  feet  on  the  high  table-land  farther 
west,  being  there  *'  finely  shown  at  an  elevation  higher  than  any- 
where else  in  the  United  States." 

Preliminary  ontlines  of  Professor  Lewises  work  on  the  glacial  drift 
of  England,  Wales  and  Ireland  are  given  in  his  papers  in  the  Reports 
of  the  British  Association  for  1886  and  1887;  and  the  first  of  these 
also  appeared  in  the  American  Naturalist  for  November,  and  the 
Amerioan  Journal  of  Science  for  December,  1886,  and  in  this 
Maoazinb  for  January,  1887.  Their  most  important  new  contribution 
to  knowledge  consists  in  the  recognition  of  the  terminal  moraines 
formed  by  the  British  ice-sheets,  which  Lewis  traced  across  Southern 
Ireland  from  Tralee  on  the  west  to  the  Wicklow  Mountains  and  Bray 
Head,  south-east  of  Dublin;  through  the  western,  southern  and 
south-eastern  portions  of  Wales ;  northward  by  Manchester  and  along 
the  Pennine  Chain  to  the  south-east  edge  of  Westmoreland ;  thence 
south-easterly  to  York  and  again  northward  nearly  to  the  mouth  of 
the  Tees,  and  thence  south-eastward  along  the  high  coast  of  the 
North  Sea  to  Flamborough  Head  and  the  mouth  of  the  Humber. 
It  is  a  just  cause  for  national  pride  that  two  geologists  of  the  United 
States,  Lewis  in  Qreat  Britain  in  1886,  and  Salisbury  ^  the  next  year 
in  Germany,  have  been  the  first  to  discover  the  terminal  moraines 
of  the  ice-sheets  of  Europe.  Like  the  great  moraines  of  the  interior 
of  the  United  States,  those  of  both  England  and  Germany  lie  far 
north  of  the  southern  limit  of  the  drift. 

Another  very  important  announcement  by  Professor  Lewis  relates 
to  the  marine  shells,  mostly  in  fragments  and  often  worn  and 
striated,  found  in  morainio  deposits  and  associated  kames  1100  to 
1350  feet  above  the  sea  on  Three  Rock  Mountain  near  Dublin,  on 
Moel  Tryfan  in  Northern  Wales,  and  near  Macclesfield  in  Cheshire, 
which  have  been  generally  considered  by  British  geologists  as  proof 
of  marine  submergence  to  the  depth  of  at  least  1350  feet.  These 
shells  and  fragments  of  shells,  as  Lewis  has  shown,  were  transported 
to  their  present  position  by  the  currents  of  the  confluent  ice-sheet 
which  flowed  southward  from  Scotland  and  Northern  Ireland, 
passing  over  the  bottom  of  the  Irish  Sea,  there  ploughing  up  its  marine 
deposits  and  shells,  and  carrying  them  upward  as  glacial  drift  to 
these  elevations,  so  that  they  aflbrd  no  testimony  of  the  former 
subsidence  of  the  land.  The  ample  descriptions  of  the  shelly  drift 
of  these  and  other  localities  of  high  level,  and  of  the  lowlands  of 
Cheshire  and  Lancashire,  recorded  by  English  geologists,'   agree 

^  American  Journal  of  Science,  III.  toI.  xxxt.  pp.  401-407,  May,  1888. 

'  Quart.  Journ.  GeoL  Soc.  toL  xxx.  1874,  pp.  21-\l ;  xxxiv.  1878,  pp.  383- 
397;  xxxvi.  1880,  pp.  331-5;  xxxvii.  1881,  pp.  3oI-69;  and  xliil  1887,  pp.  73- 
120 ;  alao,  Gboi..  Mao.  Dec.  II.  Vol.  I.  1874,  pp.  193-197. 
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perfectly  with  the  explanation  given  by  Lewis,  which  indeed  bad 
been  before  suggested,  so  long  ago  as  in  1874,  by  Belt  and  Good* 
child.'  This  removes  one  of  the  most  perplexing  questions  which 
glaoialists  have  encountered,  for  nowhere  else  in  the  British  Isles  is 
there  proof  of  any  such  submergence  during  or  since  the  Qlacial 
period,  the  maximum  known  being  510  feet  near  Airdrie  in  Lanark- 
shire,  Scotland.'  At  the  same  time  the  submergence  on  the  southern 
coast  of  England  was  only  from  10  to  60  feet,'  while  no  traces  of 
raised  beaches  or  of  Pleistocene  marine  formations  above  the  present 
sea-level  are  found  in  the  Shetland  and  Orkney  Islands.^  The  work 
and  writings  of  Professor  Lewis  emphasize  the  principle  that 
glacially  transported  marine  shells  and  fragments  of  shells,  which 
occur  in  both  the  till  and  Boulder-clay  and  the  modified  drift  in 
various  parts  of  Great  Britain,  are  not  to  be  confounded  with  shells 
imbedded  where  they  were  living  or  in  raided  beaches,  for  only  these 
prove  the  former  presence  of  the  sea. 

The  drift  deposits  of  England  south  of  the  terminal  moraines 
traced  by  Lewis  were  regarded  by  him  as  due  to  floating  ice  upon 
a  great  freshwater  lake  held  on  the  north  by  the  barrier  of  the  ioe- 
sheet  which  covered  Scotland,  Northern  England  and  the  area  of 
the  North  Sea,  and  on  the  south-east  by  a  land  barrier  where  the 
Strait  of  Dover  has  been  since  eroded.  Under  this  view  he  attri- 
buted the  formation  of  the  Chalky  boulder-clay  in  East  Anglia,  and 
of  the  Purple  and  Hessle  boulder-clays  in  Lincolnshire  and  much  of 
Yorkshire,  to  lacustrine  deposition.  But  shortly  after  the  British 
Association  meeting  in  1887  his  observations  on  Frankley  Hill  in 
Worcestershire  and  thence  westward*  led  him  to  accept  the  con- 
clusion, so  thoroughly  worked  out  by  other  glacialists  both  in 
America  and  Great  Britain,  that  there  were  two  principal  epochs  of 
glaciation,  divided  by  an  interglacial  epoch  when  the  ice-sheets 
were  mostly  melted  away.  There  can  be  little  doubt  that  the  con- 
tinuation of  Lewis's  study  of  the  drift  in  England,  if  he  had  lived, 
would  have  soon  convinced  him  of  the  correctness  of  the  opinions 
of  Searles  V.  Wood,  jun.,  Mr.  Skertchly,  and  James  Geikie,*  that 
land-ice  during  the  earlier  glacial  epoch  overspread  all  the  area  of 
the  Chalky  boulder-clay,  extending  south  to  the  Thames.  Small 
portions  of  Northern  England,  however,  escaped  glaciation  both 
then  and  during  the  later  cold  epoch,  when  the  terminal  moraines 
mapped  by  Lewis  were  accumulated ;  and  these  tracts  of  the  high 
moorlands  in  Eastern  Yorkshire  and  of  the  eastern  flank  of  the 

*  Nature,  toI.  x.  pp.  25,  26,  Maj  14,  1874  ;  Geol.  Mao.  Dec.  II.  Vol.  I.  pp. 
496-510.  Nov.  1874.  A  similar  opinion  was  held  fifty  years  ago  by  Mr.  James  Smitb 
(Researches  in  Newer  Pliocene  and  Post- Tertiary  Geology,  pp.  11,  16),  though  he 
attributed  the  drift  to  debacles  instead  of  glaciation. 

*  Quart  Journ.  GeoL  Soc.  toL  Ti  1860,  pp.  386-8;  xxi.  1866,  pp.  219-21. 

*  Quart.  Journ.  Geo).  Soc.  vol.  xxxiv.  1878,  pp.  464-7;  xxxix.  1883,  p.  64. 
Geol   Mag.  Dec.  II.  Vol.  II.  1876.  p.  229 ;  Dec.  II.  Vol.  vi.  1879,  pp.  166-72. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  1879,  p.  810;   xxxvi.  1880,  p.  663. 

*  Geol.  Mao.  Dec.  III.  VoL  IV.  pp.  616-17,  Nov.  1887  ;  Vol.  V.  p.  430, 
Sept.  1888. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxvi.  1880,  pp.  463-600;  Great  Ice  Age, 
•eoond  ed.  pp.  360-366. 
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Pennine  Chain'  are  similar  to  the  drifUesa  area  of  South-western 
WiHoonsin. 

Comparison  of  the  drift  in  North  America  and  Oreat  Britain 
enabled  Pn>f.  Lewis  to  refer  the  British  modified  drift,  both  that 
often  intercalated  between  deposits  of  till  and  that  spread  upon  the 
surface  in  knolly  and  hilly  kames  and  more  evenly  in  plains  and 
along  valleys,  to  deposition  from  streams  supplied  by  the  glacial 
melting,  the  material  being  washed  out  of  the  ice-sheet.  These 
beds  are  to  be  carefully  distinguished  from  others,  similar  to  them 
in  condition  and  material,  which  are  of  interglacial  and  post- 
glacial age.  In  this  connection  it  is  also  important  to  discriminate 
between  snbglacial  till  or  ground  moraine  and  englacial  till  that 
was  contained  in  the  ice-sheet.  The  differences  marking  these 
deposits  in  New  England  and  generally  through  the  northern 
United  States'  are  the  remarkable  compactness  and  hardness  of 
the  subglacial  till,  due  to  compression  under  the  ice-sheet,  con- 
trsHted  with  the  looseness  of  the  englacial  till ;  the  abundance  of 
glaciated  stones  and  boulders  in  the  former,  and  their  comparative 
infrequency  in  the  latter ;  and  the  usually  greater  proportion  of  large 
boulders  in  the  englacial  till.  Weathering  has  changed  the  small 
ingredient  of  iron  from  the  protoxide  combinations  which  it  still 
retains  in  the  lower  or  subglacial  till  to  hydrous  sesquioxide  in  the 
upper  or  englacial  till,  giving  to  the  latter  a  yellowish  or  reddish 
colour,  in  contrast  with  the  dark  grey  or  blue  of  the  former. 

Beds  of  modified  drift,  that  is,  of  gravel,  sand  and  clay,  brought 
by  streams  from  the  melting  ice-sheet,  may  occur  (1)  enclosed  within 
subglacial  till,  (2)  intercalated  between  the  subglacial  and  englacial 
till,  or  (3)  overlying  all  other  drift  formations.  In  the  first  and 
second  cases  they  were  deposited  beneath  the  ice-sheet,  or  sometimes 
in  the  second  case  were  laid  down  in  front  of  the  ice-border  and 
afterward  became  covered  with  englacial  till  by  an  advance  of  the 
ice.  Prof.  C.  H.  Hitchcock  describes  abundantly  fossi life rous  marine 
modified  drift  which  he  believes  to  have  been  thus  overlai<I  by  en- 
glacial till  at  Portland,  Maine.'  To  the  third  case,  where  the 
modified  drift  is  superficial,  belong  osars  and  kames,  formed  in  ice- 
walled  channels,  and  the  more  extensive  plains  and  valley  drift 
spread  along  the  course  of  the  floods  that  descended  from  the  ice- 
border  to  the  sea.  In  districts  to  which  the  ice-sheet  transported 
fragments  of  marine  shells,  these  are  liable  to  be  found  not  only  in 
both  divisions  of  the  till  but  also  in  any  portion  of  the  modified  drift. 

The  geologists  of  Sweden  record  a  similar  order  of  drift  formations 
in  that  country,  there  being  generally  recognizable  subglacial  and 
englacial  till,  with  associated  beds  of  stratified  gravel,  sand  and  clay.^ 

^  A.  Geikie*8  Text-Book  of  Geology,  p.  903 ;  Quart.  Joum.  Geol.  Soc.  vol. 
mil.  1876.  pp.  184-190. 

«  Geol  Mao.  Dec.  II.  Vol.  VI.  1879,  p.  283 ;  Third  Annual  Report  of  the  TJ.S 
Geological  Survey,  p.  297. 

'  Geology  of  ^ew  Hampshire,  toI.  ui.  pp.  279-282;  Geol.  Mag.  Dec.  II.  Vol. 
VI.  1879.  pp.  248-250. 

*  American  Journal  of  Science,  III.  yoI.  xiii.  1877,  pp.  76-79;  Great  Ice  Age, 
lecond  ed«  p.  40d. 
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In  north-eastern  England  it  seems  worthy  of  inquiry  whether  the 
Purple  and  Hessle  boulder-clays  may  not  be  in  like  manner  Uie  sub- 
glaoial  and  englacial  till  of  a  single  ice-sheet,  its  modified  drift  being 
the  Hessle  gravel  and  satid.  If  this  view  be  admissible,  the  Hesale 
beds  containing  Cyrena  flamtnalts  and  mammalian  remains,  where 
they  are  overlain  by  the  Hessle  boulder-clay,  mark  an  extensive  re* 
cession  and  subsequent  advance  of  the  ioe.^  Again,  in  north- western 
England  the  Lower  and  Upper  boulder-days  and  Middle  beds  of 
gravel  and  sand  have  the  same  relationship.  These  gronps  of  drift 
deposits,  bounded  wholly  or  in  part  by  the  terminal  moraines  traced 
by  Lewis,  probably  belong,  like  the  conspicuous  terminal  moraines 
ot  the  United  States,  to  the  second  or  last  glacial  epoch  ;  while  the 
Chalky  boulder-clay,  like  the  southern  portion  of  the  glacial  drift  in 
the  Mississippi  basin,  extends  beyond  these  to  the  limits  of  an  earlier 
glaciation. 

IV. — On  Soda-Mioroclinb  fkom  Kilimandsohabo.' 

By  J.  S.  Htland,  Ph.D.,  M.A., 
Of  the  Geological  Surrey  of  Ireland. 

THE  material,  in  which  this  felspar  occurs,  was  collected  by  Dr. 
Hans  Meyer  during  his  visit  in  1887  to  the  East- African  "  snow- 
mountain,"  the  Kilimandscharo,  and  kindly  entrusted  to  me  for 
description  by  Prof.  F.  Zirkel  of  Leipzig,  to  whom  I  desire  to 
express  my  indebtedness  for  assistance  and  advice  supplied  me 
whilst  working  in  his  laboratory. 

The  rocks  which  possess  this  mineral  as  felspathic  constituent 
are  Nepheline-  and  Leucite-basanites,'  and  were  found  in  situ  on  the 
south  and  south-east  flanks  of  the  Eibo  peak.  As  rock-constituent 
this  felspar  is  presumably  confined  to  the  outflows  from  the  higher 
peak — the  Kibo  * — as  no  trace  of  it  is  to  be  found  in  the  large  series 
of  rock-specimens,  which  represent  the  materials  of  which  the  other 
and  lower  peak — the  Eimawenzi — is  formed. 

It  is  remarkable  that  Gustav  Rose,^  who  described  the  collection 
of  specimens  brought  back  from  the  same  locality  by  Baron  von  der 
Deckeu  in  1861  and  1862,  mentions  the  occurrence  in  a  rock  he 
terms  "trachyte"  of  a  curious  porphyritic  felspar  "whose  crystals 
are  rhombic  prisms,  so  that  a  transverse  section  parallel  to  the  best 
cleavage  face  appears  as  a  rhomb."  From  his  description  I  hold 
this  felspar  to  be  identical  with  that  which  Dr.  Meyer  collected. 

*  Quart.  Joum.  Geol.  Soc.  yoI.  xvii.  1861,  pp.  446-4d6,  and  473-6 ;  Great  Ice 
Age.  second  ed.  pp.  372-380. 

^  The  orthography  used  by  R.  Andree  and  A.  Scobel  in  their  Map  of  Africa 
(Leipzig,  1884)  is  here  employed. 

*  Under  *'Ba8anite"  Kosenbusch  (Mikrosk.  Phys  ii.  p.  763)  includes  all  Tertiary 
massive  rocks,  which  possess  as  essential  constituents  plagioclase  (usually  a  basic 
lime-soda- felspar),  nepheline  or  leueite,  augite.  olivine  and  magnetite.  The  name 
-was  first  employed  by  Alex.  Brongniart  (Clas.>ification  et  caract^res  min^ralogiques 
des  roches  homog^nes  et  h^t^rog^nes,  Paris  et  Strasbourg,  1827,  pp.  102-105). 
This  IS  the^rst  occurrence  of  Leueite  in  Africa.  For  further  particulars,  see  Hyland, 
'^Ueber  die  Gesteine  des  Kilimiindscharo  und  dessen  Umgebung,'*  Tschermak*8  Mitt. 
1888,  X.  203-2tt7. 

*  6090  metres  high. 

'  Zeitschriit  fiir  allgemeine  Erdkunde,  Berlin,  1863,  toI.  xit.  p.  246. 
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In  1886  Mr.  Miers '  published  an  aooonnt  of  a  felspar  from  the 
same  locality,  to  which  his  attention  had  been  called  by  Prof.  Bonney, 
and  concladed  it  to  be  an  orthoclase,  similar  to  that  described  by 
Brdgger  '  in  the  Norwegian  "  Rhombenporphyr."  A  supplementary 
note'  was  issued  in  1887  with  analyses  by  Mr.  Fletcher. 

Several  loose  crystals  were  included  in  Dr.  Meyer*s  collection, 
and  these,  although  not  quite  fresh,  favoured  a  study  and  deter- 
mination of  their  characters. 

The  felspar  is,  when  fresh,  of  a  pearl-grey  colour,  with  a  highly 
▼itreous  lustre  on  both  cleavage  faces,  and  possesses  the  usual 
okavage  parallel  to  P  and  M,  with  a  maximum  length  of  29  milli- 
metres. 

The  following  combinations  were  observed  : 

1.  OP  (001),  00  p  cx)  (010),  00  P  (110),  2  P  00  (201)  :  oo  F  oo  and 

2  P  00  well  developed. 

2.  OP,  00  P,    00  ft  00  :   oo  P  (T  and  1)  predominating :   oo  p  oo  is 

mostly  very  small  and  often  almost  disappears. 

OP  is  sometimes  represented  by  a  cleavage  face ;  the  edges  of 
the  faces  are  mostly  rounded  off. 

Mr.  Miers  has  recorded  these  faces  in  the  article  already  referred 
to.  The  presence  observed  by  him  of  a  macroscopic  twinning 
according  to  the  Carlsbad   law  with   the  striking  peculiarity,  that 

00  Poo  (100)  appears  both  as  plane  of  composition  and  of  twinning 

1  was  able  to  confirm  as  regards  the  second  combination  only,  for 
wherever  I  found  the  face  y  (  2  p  oo  )  developed,  there  was  no  trace — 
optically  or  crystallographically — of  any  such  macroscopic  structure. 
Hence  such  crystals  are  in  this  respect  simple  individuals. 

Upon  careful  examination  of  these  twin-crystals  a  peculiar 
anomaly  becomes  apparent.  The  occurrence  of  the  twin -structure 
demands  that  the  two  halves  of  such  a  crystal  be  symmetrical  as 
regards  oo  p  oo ;  one  is  in  fact  led  to  expect  at  the  one  end  a  roof- 
like top,  at  the  other  a  re-entering  angle  (einspringenden  Winkel). 
The  latter  can  at  once  be  noticed  on  our  felspar,  but  the  roof-like 
top  is  wanting,  its  place  being  taken  by  one  surface,  the  face  OP. 

By  striking  this  surface  a  portion  flies  off,  and  we  recognize  the 
characteristic  form.  Further,  a  section  cut  parallel  to  M  (  oo  P  oo  ) 
from  a  crystal  twinned  after  the  Carlsbad  type  ought  to  be  resolved 
under  crossed  Nicole  into  two  fields  optically  different.  In  contradic- 
tion to  this,  such  sections  cut  from  the  outermost  portions  of  a 
crystal  behave  as  if  they  were  derived  from  un-twinned  individuals. 
If,  on  the  contrary,  a  section  be  cut  parallel  to  the  same  surface,  but 
from  a  point  nearer  the  geometrical  centre,  one  is  able  to  observe  the 
ordinary  phenomenon  and  the  inclination  of  the  basal  cleavages  to 
each  other  can  also  be  determined  :  this  amounts  to  42^  15'.  That 
this  curious  anomaly  does  not  owe  its  origin  to  any  mistake  in  the 
directions  of  the  sections,  I  was  able  to  settle  by  measurement 
and  comparison  with   the  crystals  from  which  the  sections  were 

^  Mineralogical  Magazine,  1887,  rii.  pp.  10-11. 
*  Die  silurischen  Etagen  2  and  3,  1882. 
>  Min.  Mag.  1887,  p.  J 31. 
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prepared.^  This  oonolasion  is  further  supported  by  mechanically 
removing  the  outer  portions  of  the  crystals  till  the  twin  junction 
(Zwillingsnaht)  is  observed.  In  fact,  we  have  probably  here  to 
deal  with  a  nucleus  twinned  after  the  Carlsbad  type,  snrrounded 
by  felspar-subntanoe  free  from  such  a  structure. 

From  a  orystallographical  standpoint  it  is  interesting  to  note  the 
angle  between  P  and  M.  This  I  have  determined  on  several 
cleavage  pieces,  and  obtain  as  mean  90^  3'.  The  physical  condition 
of  the  surfaces  was  not  very  favourable  for  such  a  determination, 
still  the  variation  was  always  very  small.  Miers  observed  90^,  and 
mentions  that  the  variation  never  exceeded  16^  It  is  interesting  to 
note,  that  Brogger  determined  90^  3'  on  the  felspar  from  the  dykes 
at  Fredriksvam.' 

On  examination  under  the  microscope  Mr.  Miers '  observed  that 
parts  of  the  crystals  viewed  by  polarized  light  exhibited  a  well- 
defined  cross-batching  parallel  to  the  pinaooidal  faces,  but  could, 
however,  discover  no  trace  of  striation  on  sections  parallel  to  OP. 
On  the  contrary,  all  the  crystals  I  examined — ten  in  number — were 
seen  to  be  built  up  of  fine  triclinic  lamellsd  of  variable  breadth. 
The  examination  of  numerous  sections  cut  parallel  to  OP  showed  that 
the  lamell89  mostly  follow  the  albite  law  ;  in  such  sections  the 
extinction  is  nearly  parallel  and  perpendicular  to  the  edge  P:M. 

The  extinction  of  the  very  fine  strisd  on  OP  may  be  measured  as 
1° — 2°,  the  larger  ones  ascending  to  3^^  The  surface  of  such  a 
striated  section  under  crossed  Nicols  is  therefore  never  dark. 
Certain  portions  however  exhibit  no  striae,  in  fact  the  lamellae 
appear  to  taper  off  and  finally  disappear.  Brogger  has  made  a 
similar  observation. 

Sections  parallel  to  M  possess  an  extinction-angle  of  5^ — 6°  and 
exhibit  no  striation. 

One  very  thin  section  parallel  to  OP  from  the  middle  of  a  crystal 
showed  at  certain  portions,  in  addition  to  the  striae  of  the  aibite 
type,  a  second  system  crossing  these  at  right  angles,  thus  pro- 
ducing a  structure  similar  to  though  not  perhaps  identical  with 
that  of  microcline.  This  microcline-structure  is,  however,  to  be 
seen  best  in  sections  cut  at  right  angles  to  P  and  M.  Such  sections 
appear  composed  of  very  fine  and  distinct  lamellae  crossed  by 
another  series  perpendicular  to  the  first  and  of  irregular  breadth. 
The  extinction-angle  is  here  8^ — 11°  to  their  length,  but  others 
appear  to  possess  a  straight  extinction. 

The  triclinic  character  of  the  felspar  is  well  marked  in  the  rock- 
sections.  The  felspars  of  the  ground-mass  are  identical  with  their 
porphyritic  representatives,  although  the  former  are  mostly  lath- 
shaped.  Where,  however,  the  felspar  forms  laths  of  very  small 
breadth,  th(  re  is  certainly  no  striation  to  be  recognized ;  but  this  is 
an  observation  already  made  by  those  writers  who  have  examined 
the    felspar   of    the    "  Rhombenporphyr,"  to  which,   as  has  been 

1  The  Bections  were  made  by  Faees  of  Berlin,  and  Yoigt  and  Hochgesang  of 
Gottini^en. 
*  Brogger,  op.  cit.  p.  269.  '  I.e.  p.  U. 
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stated,  the  felspar  from  Eilimandsoharo  bears  a  striking  resemblance. 
I  see  nothing  to  lead  one  to  concliide,  that  the  groimd-mass  consists 
of  felspar,  which  is  partly  monoclinio,  partly  triolinic,  and  as  the 
result  of  my  observations  I  must  agree  with  Mugge/  when  he  aooounta 
for  the  phenomenon  by  the  fineness  of  the  strisd  combined  with  the 
small  extinction-angle. 

With  regard  to  the  chemical  constitution  the  felspar  was  first 
analysed  by  Mr.  Fletcher,  who  was  unable  to  remove  the  numerous 
inclusions  of  glass  and  other  material  present.  By  means  of  a 
laborious  method,  which  occupied  nearly  two  weeks,  I  was  enabled 
to  separate  these  inclusions  and  to  satisfy  myself  by  micro/scopical 
examination  of  the  powder  that  it  was  chemically  pure. 

llie  sp.g.  was  determined  with  aid  of  the  Westphal  balance  to  be 
2*63  at  a  temperature  of  18°  G. 

For  comparison  the  composition  of  similar  felspars  from  Svendr, 
l^veholmen,  and  Pautelleria  are  given. 

I.  Felfpor  from  Eilimandscharo  (mean  of  two  analyses)    Fletcher, 
II.  do.  do.  do.  Hyland, 

III.  Felspar  from  the  Angitesyftnite  of  Svendr.     Vogt."^ 

I V.  Felspar  from  the  "  Hhomhenporphyr  "  of  Tyveholmen.     FUeher} 
y.  "  Plagioclase  "  from  Cuddia  Mida,  Jrantelleria.     Foratmr.^ 


SiO, 

FeaOs 

Al,()s 

CaO 

MgO 

K,0 

NagO 

JI2O 
etc. 

Totals. 

()xyg< 

3n  ratios. 

Sp.g. 

I. 

60-78 

2-32 

23  0 

2-84 

trace 

4-50 

6-65 

0-21 

100-30 

9-88 

:3-3 

,„„ 

I 

61-3 

6 

23-1 

3-02 

— . 

6-34 

7-11 

009 

99-96 

9  08 

:302 

2-63 

I.:61-3o 

_ 

22-37 

4-66 

0-04 

4-97 

6-69 

— 

99-98 

8-41 

:2-7 

2-63 

S^.  69-60 

2-47 

22-69 

606 

0-42 

2-50 

6-38 

1-34 

100-36 

8-66 

:2-9 

2-65 

if.  66-63 

0-72 

19-76 

o-a8 

0-30 

4-86 

7-31 

— 

99-96 

12-1 

:  31 

2-55 

From  a  chemical  standpoint  the  constitution  of  this  felspar  is 
remarkable  inasmuch  as  there  is  present,  in  addition  to  a  large 
amount  of  soda,  a  considerable  quantity  of  potash.  Further,  that 
the  3*02  ®/o  of  lime  found  cannot  be  accounted  for  by  inclusions  of 
apatite  or  other  lime-bearing  minerals  is  evident,  when  we 
remember  the  pure  condition  of  the  powder  analysed  and  the  fact 
that  the  removal  of  the  inclusions  increased  the  amount  of  lime 
found,  as  a  comparison  with  the  analysis  made  by  Mr.  Fletcher 
shows.  We  may  therefore  consider  this  mineral  as  an  admixture 
of  lime,  soda,  and  potash  felspars,  distinguished,  however,  from  all 
other  such  compounds  by  the  fineness  of  the  tricliiiio  lamellse.  My 
analysis  is  therefore  equivalent  to  a  molecular  relation  of  1  Mol.  Ca 
Al,  Si,  Os  :  2-1  Mol.  KAl  Sis  O^i  4-02  Mol.  Na  Al  Si,  Og.  There 
is  therefore  present  1  MoL  KAl  Si,  0,  to  1-91  Mol.  Na  Al  Si,  Og. 
Mr.  Fletcher  gives  Auj  Or^,^  Ab^.^  and  has  therefore  regarded 
the  composition  of  anorthite  as  Ca,  AI4  Sit  Oiq.     Furstner  and  others 

^  *'  Feldspath   aus  dom    Hhomhenporphyr  Ton  Christiania/'   Neues  Jahrbuch, 
1881.  2.  p.  114. 
'  Brogger.  op.  cit  p  261.  '  Mugge,  I.e.  p.  119. 

«  "  Ueber  die  Feldspathe  von  Pantelleria,*'  Z.  f.  Krye>t.  viii.  2  a.  3,  p.  162. 
^  There  was  no  trace  oi  iron. 
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taks,  however,  only  om  mo- 
leonle,  whioh  oonrae  hu  tin 
been  followed  la  thia  paper. 
Coniidering  tlie  formula  to  be 
Ca  Al,  Si,  0,  Mr.  Fletoher'* 
ratio  would  be  An,  Or„ 
Ab.„ 

The  tridinio  nature  of  tbe 
felspar  having  been  ahown, 
there  remains  only  to  aild  tbat 
aooording  to  Brogger's  view 
the  felspar  should  reoeive  tlie 
name  "  eoda-miorooline." 

Mtigge'  has  deacribed  the 
ooourrenoe  of  a  "  Natron- 
Mikroklin  "  in  the  younger 
igneous  rocks  from  the  neigh- 
tourhood  of  Naiwaseha  lake 
and  (i»  m(u)  from  the  Kiwan- 
gaine  Valley,  two  looalitiea 
not  far  from  the  KiUman- 
dacharo  mam/.'  This  felspar 
oontaioB  "  along  with  Na  and 
K  some  Ca."  Unfortunately 
no    qiuDtitative    analysis    is 

It  is  interesting  to  compare 
the  Eilimandsc^ro  felspar 
with  others  of  a  similar  cha- 
racter from  various  diatricts. 
The  following  table  will  assist 
the  com  pari  son. 

The  interpoaitions  are  very 
numerous  and  may  he  te- 
oognited  as  olivine,  auglfe* 
needles,  apatite,  particles  of 
the  ground-mass  with  ita  con- 
stituent niinenilB,  and  devitri- 
fied  glass  enclosures.  Tbe 
latter  mostly  possess  a  regn- 
larity  in  their  relative  posi- 
tions to  each  other,  and  appear 
in  sections  cut  at  right  angles 
to  P  and  M  rudely  rectangu- 
lar. At  places  grouped  round 
the  vesicles  in  the  felspar 
occur  very  fine  aoicular 
cryatals,  which  are  hrown  and 
show  a   decided    dichroism. 


■>  S,  3&V\iMcV  U'iV  Bailiff - 
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Theee  remind  the  obseryer  of  breislakite,  although  their  presenoe  in 
the  felspar-siibstanoe  instead  of  lining  the  vesioleB  may  appear  to 
contradict  this  diagnosis.  If  they  be  not  breislakite  they  may  possibly 
be  otmyrite,^  bnt  Uieir  smallness  does  not  permit  of  a  more  definite 
determination. 


Y. — On   boms  Phtbioal  Chamgks  in  thk  Eabth's  Cbubt. 

{Fart  III.) 

By  Chaklw  Ricxkttb,  M.D.,  F.O.S. 
{OonclutUd  from  p.  119.) 

ON  the  western  flanks  of  the  Malvems,  the  Upper  Silurians  are 
folded  in  several  great  anticliuals  and  synclinals,  formed 
parallel  to  the  axis  of  the  Hill  itself.  To  the  west  of  Ledbury  and 
again  near  Woolhope  these  oontoiled  strata  dip  beneath  the  Old 
Bed  Sandstone,  which,  as  computed  by  Phillips,  has  a  maximum 
thickness  of  8000  feet,*  that  of  the  Upper  Silurians  being  2690  feet 

The  thickness  of  the  strata  of  which  the  Longmynd  is  formed  has 
been  estimated  by  the  Government  Surveyors  at  not  less  than  26,000 
feet,  as  exposed  in  their  highly  inclined  edges ;  the  beds  dipping  at 
an  average  inclination  of  60®  to  the  W.N.W.'  They  thus  appear  as 
if  they  had  been  tilted  by  pressure  against  the  more  ancient  rooks  of 
the  Giber  Caradoo  Bange. 

In  each  of  these  instances  the  immense  accumulations  formed  may 
have  had  effect  in  causing  the  great  disturbance  to  which  the  strata 
have  been  subjected.  Whether  the  ridges  of  the  Malverns  or  of  the 
Caradoo  Range  are  recognized  as  having  once  formed  the  summits  of 
ancient  mountains,  or  the  dividing  ridges  between  valleys,  there  is 
abundant  evidence  that  a  great  thickness  of  sediment  has  been 
laid  down  in  their  vicinity,  burying  the  slopes  on  their  sculptured 
sides ;  the  deposit  being  greater  at  a  moderate  distance,  where  the 
slopes  extend  deeper,  than  near  the  summits. 

An  example  affording  more  conclusive  evidence  of  the  nature  of 
the  causes  by  which  contortions  and  cleavage  are  produced  occurs  in 
the  neighbonrhood  of  Llangollen.  At  three  different  periods  during 
Palaoozoic  times,  namely,  the  Lower  Silurian,  the  Upper  Silurian,  and 
the  Carboniferous  periods,  the  area  around  Llangollen  continuously 
sank  below  the  sea- level  whilst  deposits  were  accumulating.  Three 
times  they  were  raised  above  that  level,  and  at  the  same  time  these 
deposits  underwent  denudation ;  i,e,  previous  to  the  deposition  of 
the  Upper  Silurians,  the  Limestone  and  later  Carboniferous  rocks, 
and  again  as  we  observe  at  present.  During  each  of  these  periods 
valleys  were  excavated  to  a  depth  so  gi'eat,  that  the  summits  so  far 
presented  a  mountainous  character  that  they  were  raised  1500  feet 
and  more  above  the  then  sea-level. 

Previous  to  the  deposition  of  the  Upper  Silurian  strata,  a  pre- 
Wenlock  valley  was  excavated  in  those  of  the  Bala  formation  to  a 

>  H.  Fdntner,  "  Ueber  GoHyrit,  ein  Mineral  am  den  LiparitlaTen  Ton  Pantel- 
leria,"  Zeits.  f.  Kryst.  1881,  Y  348-362. 

*  Mem.  GeoL  Surrey,  toL  ii.  pt.  L  p.  102, 

*  Siinzia,  1869,  p.  23. 
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depth  greater  tban  that  of  the  preaent  valley ;  and  in  width  extend- 
ing from  Llansantfraid  Glyn  Ceiriog,  to  the  Cym-y-brain  uioatitain, 
a  distance  from  eaoh  other  of  seven  miles  in  a  direct  line.  Betweea 
these  two  points,  though  the  strata  have  been  deeply  cut  into,  by  the 
formation  of  the  present  valley  of  the  Dee,  no  traces  of  the  older 
rocks  are  discovered.  Upon  each  side  of  this  assumed  valley, 
especially  where  the  Upper  Silurian  strata  abut  against  the  older  or 
Bala  rocks,  bondings  and  foldings  have  taken  place,  and  slaty- 
cleavage  has  been  developed,  whilst  at  Llangollen,  half-way  between 
the  two  localities,  the  beds  are  seen,  in  the  course  of  the  river  Dee, 
lying  in  a  horizontal  position.  It  has  been  already  shown  that  such 
foldings  could  not  have  resulted  from  compression  produced  solely 
by  subsidence  to  the  extent  indicated  by  the  thickness  of  the  deposit 
lliis  may  be  considered  to  be  further  confirmed  in  the  same  locality, 
where  a  repetition  of  the  circumstances  has  so  far  taken  plaoe,  that  a 
deep  valley,  formed  by  the  denudation  of  this  Wenlock  rock,  had  its 
bottom  covered  with  the  Red  Basement  beds  of  the  Ceu'boniferons 
system,  and  was  subsequently  buried  underneath  a  deposit  of  1025 
feet^  of  limestone,  which,  instead  of  folding,  luts  a  dip  of  15°  only 
to  the  N.E.,  passing  beneath  3000  to  4000  feet '  of  later  Carbon- 
iferous strata.  There  are  essential  differences  in  the  character  of  the 
deposits  in  the  two  periods ;  the  Silurian,  consisting  of  fine  mud, 
which,  long  after  its  deposition,  would  remain  in  a  plastic  state  and 
readily  yield  when  subjected  to  irregular  pressure,  whilst  the  lime- 
stone would  soon  consolidate  and  become  rigid.' 

In  the  Ingleborough  district  the  Lower  and  Upper  Silurians  are 
greatly  bent  and  contorted,  and  the  muddy  deposits  are  also 
cleaved ;  *  they  were  greatly  denuded,  and  formed  hills  and  valleys, 
previous  to  the  deposition  upon  them  of  the  Carboniferous  lime- 
stone, "  the  lowest  be-ls  of  which,'*  as  Play  fair  (§  197)  remarked, 
''contain  in  them  many  fragments  of  stone  which,  on  comparison, 
resemble  exactly  the  schistus  underneath."  A  thickness  of  lime- 
stone, amounting  to  600  feet,  rests  on  the  basset  edges  of  the 
Silurians,  and  this  is  surmounted,  as  seen  in  the  mountain  peaks  of 

^  The  Carboniferous  Limestone  and  Cefn-y-fedw  Sandstone  of  North  Wales  by 
G.  H.  Morton,  F.G.8.,  p.  21. 

*  The  Coal-fields  of  Great  Britain,  by  Professor  E.  Hull,  2nd  ed.  p.  99. 

'  I  have  seen  at  least  ten  instances  wnere  the  Carboniferous  Limestone  during  the 
period  of  its  formation  had  been  locally  raised  above  the  sea-level,  and  had  thus  been 
exposed  for  a  time  to  atmospheric  action  and  erosion.  In  eight  of  the  examples  thin 
beds  of  coal  were  formed,  either  resting  immediately  on  the  sculptured  surface,  or  on 
a  bed  of  clay  which  covered  it;  the  thickest  amounts  to  about  a  foot,  at  Ingleton; 
others  varied  down  to  a  mere  film  of  carbonaceous  matter  in  the  clayey  deposit. 
Subsidence  taking  place,  the  deposition  of  the  limestone  again  progressed  to  a  great 
extent.  The  methods  of  weatoering  go  to  prove  that  the  limestone  had  become 
consolidated  previously  to  its  elevation  and  erosion  ;  in  some  cases  shrinkage  ioints 
are  present,  and  are  fiUed  with  calcite,  which  stands  out  in  relief  on  the  erodea  sur- 
face; the  condition  of  these  small  ioints  indicates  that  the  limestone  must  have 
become  solidified  before  being  raised  above  the  sea-level,  prior  to  the  formation  of  the 
coaly  beds.  In  some  instances  angular  or  weathered  fragments  of  limestone  are 
embi'dded  in  the  clayey  deposit  which  fills  hollows  in  the  suriace  of  the  Umestone. 

*  They  have  been  described  in  an  Essay  by  Professor  T.  McK.  Hughes,  '*  On  the 
Break  between  the  Upper  and  Lower  Silurians  of  the  Lake  District,'*  Gxou  Mao. 
Vol.  IV.  p.  346. 
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Wbemside,  In^leborough  and  Penigent,  by  the  Yoredales  and  Mill- 
Btone  Grit.  These  also  were  formerly  covered  by  a  considerable 
thickDess  of  Coal-measures,  as  is  evident  from  the  presence  of  the 
Coal-field  of  Ingleton  on  the  southern  or  down-throw  side  of  the 
Oreat  Craven  Fault;  whilst  the  whole  series  rested  in  a  position  as 
horizontal  as  when  first  laid  down,  though,  in  order  to  permit  the 
accumulation  of  this  succession  of  strata,  they  must  have  sunk  con- 
tinuously whilst  deposition  progressed,  until  their  base  reached  a 
depth  of  4500  feet,  as  calculated  by  Professor  John  Phillips.* 

The  difiference  in  the  conditions  of  the  two  series  is  remarkable ; 
for  if  the  foldings  in  the  more  ancient  strata  are  attributable  to 
lateral  pressure,  due  to  subsidence,  they  should  have  occurred  also,  at 
least  to  some  extent,  in  the  CarlK>niferous  rocks  in  which  subsidence 
took  place  to  the  depth  of  nearly  a  mile.  It  is  therefore  necessary 
to  search  for  other  causes  likely  to  effect  this  pressure. 

Sir  Charles  Lyell,  when  commenting  on  the  presence  of  the  ''  mud 
lumps  "  at  one  or  other  of  the  mouths  of  the  Mississippi,  attributed 
their  formation  to  "the  downward  pressure  of  the  gravel,  sand  and 
sediment,  accumulated  during  the  fiood  season  off  the  various  mouths 
of  the  river,  upon  a  yielding  bottom  of  fine  mud  and  sand.  A  mass  of 
such  enormous  volume  and  weight,  thrown  down  on  a  foundation  of 
yielding  mud,  may  well  be  conceived  to  exert  a  downward  pressure, 
capable  of  squeezing  and  forcing  up  laterally  some  parts  of  the 
adjoining  bottom  of  the  gulf,  so  as  to  give  rise  to  new  shoals  and 
islands."  He  further  states  *'that  railway  engineers  are  familiar 
with  the  swelling  of  a  peat  moss,  or  the  bed  of  a  morass,  on  some 
adjoining  part  of  which  a  new  embankment  has  been  constructed.' 
A  friend  who,  many  years  ago,  was  engaged  in  superintending  the 
erection  of  a  fort  near  the  mouth  of  the  Med  way,  relates  that  the 
unloading  of  a  cargo  of  materials  to  be  used  in  its  construction 
caused  a  considerable  deviation  from  the  perpendicular,  and  great 
difficulty  was  likewise  experienced  in  keeping  the  structure  erect  as 
it  progressed,  on  account  of  the  muddy  deposit,  on  which  the  founda- 
tions rested,  giving  way  irregularly. 

Captain  C.  E.  Dutton,  of  U.S.  Geological  Survey,  states  that 
''wherever  the  load  of  sediment  becomes  heaviest,  there  they  sink 
deepest,  protruding  the  colloid  magma  beneath  them  to  the  adjoining 
areas  which  are  less  heavily  weighted,  forming  at  once  both  syn- 
clinals and  anticlinals." ' 

Though  Lyell,  as  has  been  already  remarked,  considered  that  the 
intense  pressure  by  which  foldings  of  strata  have  been  caused,  has 
been  exerted  without  violence,  and  in  the  most  gradual  manner,  he 
omitted  to  apply  the  phenomena,  described  by  him  as  occurring  at 
the  mouth  of  the  Mississippi,  in  explanation  of  the  cause  of  contortions 
m  older  rocks. 

^  Report  on  the  Probability  of  the  Occurrence  of  Coal  in  the  Vicinity  of  Lancaster, 

1837. 

'  Principles  of  Geolocy,  10th  edit.  vol.  i.  p.  453. 

*  The  Earth's  Physical  Evolution,  The  Penn  Monthly,   1876,  p.  424;   also  a 
iwamk  of  tbe  samfiy  by  Rev.  0.  Fisher,  Oiol.  Mao.  Dec.  II.  Vol,  ill.  i^.  V\K.. 
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It  U  deserving  of  oonndentioii  whether,  end  to  what  eztmt,  ft)^ 
iDgB  of  Btrnta,  and  other  ooncomitant  phenomena,  have  be^i  depen- 
dent on  varying  aooumu  tat  ions  of  material.  A  river  bringi  down  and 
depoeits  a  greater  qnantity  and  ooaraer  partiolea,  in  an  eBtoarj  or 
bay,  or  in  the  sea,  ali>n(;  the  direction  of  its  oarrent,  than  at  a 
diatance,  where  the  finer  mud  is  spread  out ;  when  this  oocnra  ahove 
an  underlying  muddy  deposit,  there  would  be  a  tendency  for  the 
heavier  materials  to  sink  down  and,  producing displnoement,  so  canse 
lateral  pressure  similar  to  that  to  whioh  these  foldings  have  been 


attributed  since  the  days  of  Sir  James  Hall.  Efieots  oorresponding 
to  thp^e  suppositions  can  be  rt-adily  induoed  by  taking  clay  dried 
And  reduced  to  powder  and  spread  in  consecutive  layers  of  di&rent 
colours  horizontally  in  a  box  or  trough.  On  the  sccess  of  water, 
through  holes  previously  made  in  the  bottom  and  sides  of  the  box 
rather  than  by  pouring  it  on  the  snrface  (for  that  would  prevent  the 
free  escape  of  the  included  air)  the  clay  becomes  soft  and  plastio; 
when  fnlly  saturated,  by  ponring  sand  on  the  clay  at  some  speoist 
part  and  applying  extra  weight,  which  will  be  requisite  in  the 
experiment,  this  will  not  only  cause  the  heavier  substance  to  subside 
into  the  plastic  mass  of  clay,  but,  whilst  pressing  downward,  it  will 
at  the  same  time  squeeze  outward  the  clay-beds,  causing  the  layers 
immedialeW  underneath  to  be  formed  into  films;  these,  however 
thin,  are  still  oontinuous  with  those  on  the  sides,  which  are  rendered 
oonsiderably  thicker  than  in  the  original  state  of  the  beds,  and  are 
curved  into  folds,  representing  contortions  similnr  to  what  are  con- 
stantly met  with,  having  been  produced  under  circumstances  aoalo- 
gous  to  what  must  frequently  occur  from  natural  causes  (see  Fig.  4). 

Thai  the  form  of  the  contortions  may  be  greatly  influenced  by  the 
onnlour  of  the  solid  ground  is  well  illustrated  in  the  effects  produced 
by  the  presence  of  the  mound  {*)  of  consolidated  clay  (C)  in  the 
figured  model.  (The  interior  of  the  models  was  displayed  by  cutting 
through  them,  before  they  became  solid,  by  means  of  a  piece  of 
atnng.  previously  arranged  for  that  purpose.) 

From  the  great  thickness  of  certain  geological  strata,  from  the 
amount  of  deposit  known  by  borings  to  occur  in  the  Deltas  of  great 
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riFera,  and  what  may  be  inferred  from  the  contoar  of  bays,  which  are 
the  Bubmenced  oontiDiiation  of  valleys  into  which  rivers  flow,  there 
most  be  sufficient,  perhaps  more  than  sufficient,  power  developed,  not 
only  to  aooonnt  for  progressive  subsidenoe  of  the  Earth's  crust,  but 
also  to  induoe  simultaneously,  when  circumstances  are  favourable, 
such  lateral  pressure,  in  the  manner  suggested,  as  would  terminate  in 
contortion  and  cleavage.  However  frequently  such  contortions  may 
occur  at  the  present  time,  opportunities  of  proving  their  existence 
must  indeed  be  rare,  for,  formed  beneath  the  surface  of  the  water,  if 
by  any  means  they  should  become  raised  above  the  sea-level,  the 
exposed  surface  of  such  easily  disintegrated  materials  would  be  soon 
wa8hed  away  by  the  waves. 

The  oontortions  which  occur  in  metamorphio  rocks  must,  at  least 
in  a  great  measure,  be  dependent  on  other  causes  than  those  which 
have  been  considered.  The  abrupt  bandings  they  have  sometimes 
undergone  ;  the  wavy  wrinkled  state  into  which  they  are  at  other 
times  thrown,  indicate  that,  to  use  an  expression  made  to  me  by  the 
Scotch  chemist  and  mineralogist,  Professor  M.  F.  Heddle,  M.D.  of 
St  Andrews,  "  they  must  be  due  to  some  internal  change."  Mr.  T. 
F.  Jameson,  F.O.S.,  "  supposes  that  the  beat  from  the  interior  of  the 
earth  gradually  approached  the  base  of  the  sedimentary  beds  and,  by 
heating,  caused  them  to  expand  and  thereby  become  wrinkled  into 
huge  folds,  as  a  necessary  consequence  of  a  great  mass  of  swollen 
matter  having  to  find  room  in  the  space  occupied  by  the  same  matter 
when  in  a  cold  and  contracted  state.^  Considered  alone,  this  does 
not  appear  an  altogether  satisfactory  explanation  of  the  formation  of 
such  oontortions  as  sometimes  occur  in  metamorphio  rocks.  If  the 
abrupt  bendings  alluded  to  are  entirely  the  result  of  expansion  from 
being  subjected  to  excessive  heat,  it  might  be  expected  that  in  all 
cases  foMings  would  result  to  a  greater  or  less  extent ;  or  that,  if  so 
great  expansion  does  take  place,  on  the  cooling  and  consequent  con- 
traction of  the  mass,  the  resulting  fissures  should,  in  gneissic  and 
granitic  rocks,  have  their  sides  separate  from  each  other  to  a  greater 
extent  than  is  the  case  ;  the  average  width  of  which  does  not  appear 
to  be  greater  than  in  unaltered  strata.  The  shrinkage  of  baMalt  and 
lavas  forms  prisms,  the  joints  of  which  are  in  close  contact  with  each 
other,  though  the  mass  in  which  they  exist  has  cooled  from  an 
absolutely  molten  state.  Mr.  Charles  Babbage  *  calculated,  from  the 
result  of  expftriments  by  Mr.  H.  C.  Bartlett,  of  the  United  States 
Engineers,  that  if  a  mass  of  granite,  twenty-five  miles  in  thickness, 
be  heated  to  1000^,  expansion  would  take  place  to  the  extent  of 
637  feet  only ;  that  is,  there  would  be  an  extension  of  its  bulk 
equivalent  to  about  i^y  of  ita  size  in  a  cold  state.  The  results  of 
other  experiments,  mside  by  Mr.  A.  J.  Adie,  and  by  Mr.  T.  Mellard 
Beade,'  do  not  greatly  differ  from  those  of  Mr.  hartlett. 

The  expansion  of  rocks  by  increase  of  heat  has  by  some  been  con- 
sidered   to   be  the  cause  of  elevation  of  the  land.     Doctor  James 

'  Quart.  Jonrn.  Geol.  Soc.  toI.  xxrii.  p.  1 05. 

'  The  Ninth  Bridgewater  Treatise,  Appendix,  p.  222. 

'  Oiigin  of  MounudDB,  p.  109. 
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Hntton*  in  bis  celebrated  work,  states  tbat  ''tibe  power  of  beat  for 
tbe  expansion  of  bodies  is,  so  far  as  we  know,  unlimited ;  bat,  by  tbe 
expansion  of  bodies  plaoed  under  the  strata  at  tbe  bottom  of  the  sea, 
the  elevation  of  those  strata  may  be  effected;  the  qnestion  to  be 
resolved  regards  the  actual  exertion  of  this  power  of  expansion,  how 
far  it  is  to  be  concluded  as  having  been  employed  in  the  production 
of  this  earth  above  the  level  of  the  sea.  There  has  been  exerted  an 
extreme  degree  of  heat  below  the  strata  formed  at  the  bottom  of  the 
sea,  and  this  is  precisely  the  action  of  a  power  required  for  the 
elevation  of  those  heated  bodies  into  a  higher  place.  Therefore,  if 
there  is  no  other  way  in  which  we  may  conceive  this  event  to  have 
been  brought  about,  consistent  with  the  present  state  of  things,  or 
what  actually  appears,  we  shall  have  a  right  to  conclude  that  such 
had  been  the  order  of  procedure  in  natural  things,  and  that  the  strata 
formed  at  the  bottom  of  the  sea  had  been  elevated,  as  well  as  con- 
solidated, by  means  of  subterranean  heat"  ^  This  coincides  with  the 
hypothesis  advanced  by  Mr.  Charles  Babbage,  nearly  forty  yean 
subsequently,  as  a  cause  of  disturbances  of  the  earth's  crust ;  having 
been  suggested  to  him  by  the  changes  of  level,  proved  to  have 
occurred  within  a  comparatively  short  period,  at  the  site  of  the 
Temple  of  Serapis,  in  the  Bay  of  Naples.'  Mr.  T.  Mellard  Reads 
considers  "  mountain  ranges  are  ridgings  up  of  the  earth's  crust, 
which  take  place  only  in  areas  of  great  sedimentation.  That  the 
existing  cause  of  the  various  horizontal  and  vertical  strains,  ending 
in  the  birth  of  a  mountain-range,  is  the  rise  of  the  isogeotherms  and 
consequent  increase  of  temperature  of  the  new  sedimentaries,  and 
that  portion  of  the  old  crust  they  overlie.  The  tendency  to  expand 
horizontally  is  cheeked  by  the  mass  of  the  earth's  crust  bounding  the 
locally  heated  area,  and  is  therefore  forced  to  expend  its  energies 
within  itself;  hence  arise  foldings  of  lengthening  strata,  re-packing 
of  beds,  ridging  up,  and  elevatory  movements,  which  occur  in 
varied  forms  according  to  the  conditions  present  in  each  case."  *  He 
thinks  ''  this  mass  of  rock  cannot  expand  laterally,  for  in  that  case  it 
would  displace  the  crust  of  the  earth  surrounding  the  affected  area, 
nor  downwards,  for  that  would  displace  tbe  foundations  of  the  earth 
itself.     It  is  only  free  to  expand  upwards."* 

Tbe  expression,  **  if  there  is  no  other  way"  indicates  that  Hutton 
felt  some  misgiving  in  supposing  tbe  elevation  of  tbe  strata  was  due 
to  the  effect  of  expansion  from  tbe  accession  of  subterranean  heat, 
and  tbat  he  suggested  tbe  theory  for  want  of  a  better.  With  respect 
to  this  proposal,  as  advanced  by  Babbage,  tbe  Rev.  0.  Fisher 
remarks  tbat  *'  tbe  heat  conducted  upwards  into  the  new  deposits 
must  be  abstracted  from  the  couches  beneath,  so  tbat  there  can  be 
no  absolute  increase  in  the  amount  of  tbe  beat  beneath  the  area  in 
question,  except  such  as  is  supplied  laterally."'  It  therefore  follows, 
that  there  would  be  as  great  a  diminution  in  size  of  tbe  contiguous 

1  Theory  of  the  Earth,  by  James  Hutton,  M.D.,  F.R  S.E.,  1796,  vol.  i.  p.  123. 
'  Proc.  Geol.  Soc.  vol.  ii.  p.  73 ;  Quart.  Journ.  Geol.  Soc.  vol.  iii.  p.  186. 
>  Origin  of  Mountain  Ranges,  by  T.  Mellard  Keade,  C.£.,  F.G.S.,  p.  326. 
*  Pa^re  10.     . 
^  i'hysics  of  the  £artii*s  Crust,  p.  82. 
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portion  of  the  interior  mass  as  wonld  be  equivalent  to  the  increased 
size  oaased  by  the  heat  supplied  to  the  later  formed  strata.  In- 
dependently of  this,  the  calculations  deduced  from  tlie  expansion  of 
rocks  by  beat,  as  determined  by  the  experiments  of  Bartlett,  Adie 
aod  Mellard  Reade,  indicate  that  when  exposed  to  high  degrees  of 
temperature,  the  enlargement  is  not  sufficient  to  induce  more  than 
a  fractional  part  of  what  is  attributed  to  it. 

Elevation  of  land  does  not  occur  where  the  greatest  amount  of 
accumulation  is  in  progress ;  on  the  contrary  at  the  mouths  of  great 
rivers,  where  simultaneously  with,  or  rather,  as  is  here  contended, 
in  consequence  of  the  immense  accretion  of  sediments  derived  from 
the  erosion  of  the  land,  and  brought  down  and  deposited,  subsidence 
has  been  proved  to  have  taken  place  to  a  very  great  extent,  forming 
conditions  such  as  it  is  considered  by  most  would  render  the  deeply 
buried  strata  liable  to  be  exposed  to  an  increase  of  heat  supplied  from 
below.  It  is  in  those  areas  where  the  greatest  amount  of  denudation 
has  taken  place,  and  the  land  has  become  lightened  in  the  process 
of  removal,  that  elevation  occurs. 

It  is  evident  that  where  foldings  occur,  in  what  may  be  designated 
unaltered  strata,  they  have  been  formed  at  the  sea-level  or  at  some 
moderate  depth  ;  if  in  those  in  which  extensive  chemical  change  has 
produced  a  re-arrangement  in  their  constituent  components,  they 
have  been  buried  beneath  a  very  thick  covering  of  strata,  which  has 
enabled  them  to  become  affected  by  internal  heat.  Ilowever  high 
they  may  subsequently  have  become  elevated,  this  pre-supposes  the 
removal  of  this  immense  quantity  of  material  before  the  metamorphic 
rock  became  exposed  at  the  surface,  and  formed  a  portion  of  the 
structure  of  mountains. 

From  the  examination  of  the  geological  structure  of  Britain  it  is 
seen  that  the  erosion  of  these  hard  rocks,  and  their  formation  into 
hills  and  valleys,  during  a  former  period,  though  they  may  have  sub- 
sequently sunk  below  the  then  sea-level,  and  been  deeply  buried 
beneath  large  accumulations  of  sediment,  have  still  had  a  great  effect 
in  determining  the  present  contour  of  the  land.  The  flanks  of  buried 
valleys  and  the  summits  of  ancient  hills  again  become  elevated  and 
exposed  by  the  removal  of  the  less  consolidated  strata ;  the  hardness 
and  indestructibility  which  preserved  them  before,  again  enables 
them  to  stand  conspicuous  at  a  higher  altitude  than  later  deposits, 
and  to  form  what  has  been  called  "  the  core  of  the  mountain  ** ;  even 
the  old  valleys  sometimes  again  serve  the  purpose  by  and  for  which 
they  were  originally  formed ;  and  streams  run  in  them  in  the  same 
course,  often  in  the  identical  old  channels. 


VI. — Mr.  E.  T.  Nbwton  on  Ptbrosaueia. 
By  Dr.  O.  Baur,  New  Haven,  Conn. 

THE  paper  by  Mr.  E.  T.  Newton  *  "  On  the  Skull  of  Scaphognathis  " 
is  one  of  the  most  important  contributions  to  the  morphology  of 

^  Newton,  £.  T.,  '*  On  the  Skull,  Brain,  and  Auditory  Organ  of  a  New  Species  of 
Pteroeawian  (SeaphognathuM  I*utdoni)y  from  the  Upper  X.ias  near  Whitby,  York- 
dure,"  Philos.  Trans.  Lond.  J888,  vol  170,  pp.  303-6,i7,  pi.  77-7%. 
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the  Pterosanria  ^  whioh  has  been  published.    There  are  a  few  points, 
however,  whioh  appear  to  me  to  need  oorrection  or  a  fuller  ezplanatioii, 

1.  The  "prefontaW  Newton. 

When  Mr.  Newton  had  the  great  kindness  to  sbow  me  the 
specimen,  which  he  had  worked  out  with  so  much  skill,  I  suggested 
to  him  that  the  bones  called  by  him  ''  prefrontals  "  (loe.  eiU  p.  505) 
were  probably  parts  of  the  nasals  only.  It  seems  to  me  quite 
probable  that  this  view  is  correct,  and  I  give  the  following  reasons: 

1.  If  the  "prefrontals,"  Newton,  represented  these  bones,  they 
would  have  a  position  different  from  that  in  any  other  form  of  the 
Monocondyliaf  Haeckel,  1866  {Sauropaida,  Huxley,  1869).  They 
would  be  placed  inside  of  the  nasals. 

2.  They  would  not  form  a  part  of  the  orbit,  a  condition  found  in 
all  the  Monocondylia  in  which  a  prefrontal  is  present  As  we  can 
hardly  expect  such  a  fundamental  difference  between  the  Pterosauria 
and  the  other  reptiles,  this  view  is  very  impn)bable. 

But  Mr.  Newton  remarks,  if  the  bones  called  prefrontal  and 
nasal  represent  a  single  element,  there  will  be  no  distinct  prefrontal 
bones.  In  fact,  the  prefrontal  is  not  free  in  the  Pterosauria,  exactly 
as  in  birds.  The  prefrontal  probably  forms  the  anterior  and  outer 
process  of  the  frontals,  contributing  to  the  upper  anterior  border  of 
the  orbit,  or  it  may  be  oo-ossified  with  the  lachrymal,  as  stated  by  Dr. 
Giinther.  The  processes  of  the  frontal,  which  I  am  inclined  to 
consider  as  prefrontals,  are  well  represented  in  figs.  1,  2,  3  in  Mr. 
Newton's  memoir. 

The  figure  given  by  Hallmann'  represents  the  relations  very  well. 

The  bones  called  "nasals"  and  "prefrontals"  by  Mr.  Newton 
therefore  represent  only  one  pair  of  bones,  the  nasals. 

2.  The  quadraiO'jtigal  and  jug al. 

The  exact  connection  between  these  bones  is  now  determined,  by 
Mr.  Newton's  studies,  for  the  first  time ;  but  the  peculiar  resem- 

^  I  1186  the  name  Pterosauria,  whiefa  was  introduced  by  Eaup  in  1S34  in  the  form 
*^  Pterosaurii "  (Kaup,  J.J./*  Versuch  einer  Eintheiiung  der  Saagethiere  in  6  Stamme 
nnd  der  Reptilen  in  6  Ordnungen,"  Isis,  1834,  p.  315. 

In  the  same  year  Cams  established  the  group  ^*  Alata^*  to  contain  Pterodaetylm 
(Cams,  Carl  Uustav:  Lebrbuch  der  yergleichenden  Zootomie,  2  Aufl.  Leipzig, 
1834,  pt.  i  26). 

In  1835  de  Blainville  called  those  reptiles  the  Fierodaetylia  (preoccupied  by 
Latreille,  1826,  for  a  "  family  of  Birds,"  Pterodttctylt)  (de  Blainville,  H.,  "  Descrip- 
tion  de  quelques  especes  de  Reptiles  de  la  Californie,  preced^e  de  I'analyse  du  syst^me 

f^n^ral  erpetologie  et  d*ampnibiologie,"  Nouv.  Ann.  du  Miis6e,  tome  iy.  p.  238, 
'aris,  1836).  In  the  same  paper  the  Icbthyosaurs  are  separated  from  the  Plesiosaurs, 
under  the  names  Ichtkyosauria  and  PUaiotauria.  These  names  antedate  the 
Ichthyopterygxa  and  Sawopterygia  of  Owen  by  twenty -live  years.  Omithosauri  was 
Used  by  Fitzinger  in  1837  (Ann.  Wien  Mus.  Natuig.  1837,  vol.  ii.  p.  184),. and 
adopted  by  Bonaparte  in  1838  (Nuovi  Annali  delle  Scienze  naturali,  Bologna,  1838, 
Tol.  i.  pp.  391-397).  In  1841  Owen  gaye  the  name  Pieroaauria  (Brit.  Assoc.  Rep. 
(1840),  London,  1841). 

*  Hallmann,  Eduard,  *<DieTergleichende  Osteologie  dee  Schlafenbeins  "  (Hanoyar, 
1837),  pi.  ii.  fig.  4. 
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blanoe  between  these  elements  and  the  corresponding  bones  in  the 
Saaropoda '  is  not  stated. 

In  both,,  the  jugal  has  two  upper  prooesses,  whioh  form  the  anterior 
and  inferior  part  of  the  orbit 

In  Diplodoeui  the  qaadrato-jugal  is  connected  directly  with  the 
maxillary ;  a  condition  which  seems  to  exist  in  Scaphognathua. 
Newton  says  the  maxillary  "  comes  below  the  lower  angle  of  the 
jngal,  and  seems  to  meet  the  quadrato-jugar*  (p.  505).  Some  of 
the  Testndinata  (Staurotypus,  Aromochelys  •  •  •  )  show  a  similar 
structnre. 

The  tendency  of  the  qaadrato-jugal  in  ScaphogwUhtia  to  separate 
the  postorbital  from  the  jagal  is  very  remarkable. 

3.  The  **  tupra-temporaV* 

**■  At  the  enter  end  of  each  parocoipital  process,  and  forming  the 
hindermost  angles  of  the  skull,  there  seems  to  have  been  a  small 
separate  bone,  which  occupies  the  position  of,  and  probably  is  the 
lupratemporal,  a  bone  said  to  be  constantly  present  in  Lizards.*' 
(Newton,  p.  507.) 

A  supratemporal  bone  has  not  been  found  in  any  member  of  the 
group  to  which  the  Pterosauria  belong.  It  is  absent  in  the  Phyto- 
aauria,  Crocodilia,  Dinosauria,  and  Aves.  This  makes  it  probable,  that 
it  did  not  exist  as  a  free  element  in  the  PieroBauria,  The  supra- 
temporal,  Newton,  may  be  only  a  part  of  the  parocoipital  or 
aqnamosaL 

4.  The  "  hanpterygoid  proeessen" 

Mr.  Newton  suggests  the  possibility  that  these  processes  may  be 
separate  bones  (p.  507),  but  on  p.  509  he  is  inclined  to  consider 
these  as  elongated  basipterygoid  processes.  It  is  quite  evident  that 
they  cannot  represent  anything  else.'  In  the  Sauropoda  they  are 
developed  in  the  same  way. 

5.  Some  note*  on  ihe  synopsis  of  genera  of  the  Pterosauria  given  by 

Mr.  E.  T.  Newton. 

In  his  "  Notes  on  Pterodactyls " '  Mr.  Newton  follows  Lydekker 
in  adopting  his  (Lydekker*s)  genus  Ptenodracon,* 

This  name  is  a  synonym  of  Omithocephalus,  Seeley  (non  Soni- 
mering).  Both  Lydekker  and  Newton  say,  without  apparent 
authority,  that  Zittel  ^  had  shown  Seeley's  name  Omithocephalus  to 
be   inadmissible.       Zittel   did   not  admit    Omithocephalus ^    Seeley, 

^  Manh,  0.  C,  "  Principal  Characters  of  American  Jurassic  Dinosaurs,  part  vii. 
On  the  Diplodocidtt,  a  new  family  of  the  Sauropoda,"  Amer.  Journ.  »ci.  vol. 
xiYii.  (Febr.  1884),  pi.  iii.  figs.  1-3. 

'  Prof.  Fraas  considered  these  parts  even  as  ''hyoids,"  Palieontographica,  vol. 

ZXY. 

'  Newton,  E.  T.,  **  Notes  on  Pterodactyls,"  Proc.  Geologists'  Assoc.  toI.  x.  No.  8, 
1888. 

*  Lydekker,  Richard,  '*  Catalogue  of  the  Fossil  Reptilia  and  Amphibia  in  the 
British  Museum,*'  Parti.  London,  1888,  p.  3. 

*  Zittel,  Karl  A.,  "  Ueber  Flugsaurier  aus  dem  llthographischen  Schiefer  Bayems,*' 
PaUeontographica,  toL  zzix.  1882,  p.  80. 
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beoaase  be  oontidered  it  to  be  tbe  eame  genus  as  PUrodaetylus,  and 
this  was  bis  only  reason  for  rejeoting  tbe  name. 

Zittel's  words  are :  "  Die  Gattung  Omithocephalus  (Sommering)  * 
wird  von  Seeley  folgendermaassen  cbaracterisirt :  '  Omithocepkalus, 
— Tbe  anterior  nares  are  entirely  separated  from  tbe  middle  boles 
of  tbe  bead,  botb  being  small  and  tbe  latter  exceedingly  small. 
Tbe  bead  is  sbort.  Tbe  neck  is  sbort.  Tbe  large  iscbium  appears 
to  be  excluded  from  tbe  acetabulum,  and  tbe  ilium  appears  to  extend 
less  far  forward  tban  in  Pterodactyhis.*  Diese  Diagnose  stiitzt  sicb 
lediglicb  auf  die  ungenaue  Abbildung  Sommering*s.  Es  bedarf 
nnr  eines  BHckes  auf  Taf.  xii.  fig.  8  [in  ZittePs  work],  sowie  aaf 
die  obigen  Bemerkungen  um  siob  zu  iiberzeugen,  dass  die  fiir  die 
Gattung  OmithocephaUis  angegebenen  Merkmale  tbeils  am  Original 
garnicbt  vorbanden  sind,  tbeils  ibre  Erklarung  in  dem  Erbaltungs- 
zustand  finden.  Omithocephalns,  Sommering,^  fallt  somit,  wie  sebon 
alle  friiberen  Aotoren  annabmen,  unter  die  Synonymik  von  Pterodae^ 
tylus" 

If  "  Omithocephalus  hrevirostriSf  Sommering,"  is  different  from 
Pterodactyl U8y  tbe  name  OmiihocephaUis,  restricted  by  Seeley  to  tbis 
species,  bas  to  stand,  and  not  Ptenodracon,  Lydekker. 

Tbe  genus  Omithopterus  (v.  Meyer,  1838),  of  wbicb  Huxley  says, 
"  I  am  mucb  inclined  to  suspect  tbat  tbe  fossil  upon  wbicb  tbe  genus 
Omithopterus  bas  been  founded  appertains  to  a  true  bird,"  is  still 
considered  by  Newton  as  a  distinct  genus  of  tbe  Pterodactyls.  Prof, 
Huxley  and  Newton  bave  overlooked  tbe  fact  tbat  H.  v.  Meyer 
retracted  tbis  genus  in  1860,  in  bis  great  work,  **  Reptilien  aus  dem 
lithograph ischen  Schiefer  des  Jura." 

H.  V.  Meyer,*  after  tbe  examination  of  tbe  original  specimen, 
explained  that  bis  former  statement  was  incorrect,  and  that  his 
Omithopterus  could  not  be  distinguished  from  Bhamphorhynchus,  and 
was  probably  identical  with  Bhamphorhynchus  Gemmingi. 


I^  E  "V  I  E  "W  S- 

I. — ^Thb  Sxtbtbrranean  Treasures  of  Italy.  (  "  I  Tresori  Sotter- 
ranei  dell*  Italia,"  &c.,  per  il  Cavaliere  Guglielmo  Jervis,  Con- 
servatore  R.  Muh.  Indust.  Ital.,  F.G.S.,  &c.)  Part  IV.  Complete 
in  itself.  Tbe  Economic  Geology  of  Italy.  8vo.  pages  xxxvi 
and  616.  With  62  Woodcuts  and  Lithographs.  (E.  Loescber, 
Turin,  Florence,  and  Home,  1889.) 

THIS  fourth  and  last  volume  of  Chevalier  Jer vis's  valuable  work  on 
the  underground  riches  of  Italy  treats  of  the  topographical 
distribution  of  the  stones  and  marbles  useful  for  building  and 
decoration,  for  architectural  ornaments  and  sculpture;  also  for 
making  lime,  cement,  mortar,  stucco,  plaster,  etc.  Not  only  are 
particular  localities  carefully  described  and  often  illustrated,  but  the 

*  Zittel  ought  to  bave  written  Omithocephalus  (Seeley). 

'  Meyer,  Hermann  y.,  *<  Keptilien  ans  dem  lithographischen  Schiefer  des  Jura  in 
DeutBchlaud  und  Frankreich."     Frankfurt  a.  M.  1860,  p.  Ul. 
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geology  of  the  district  and  its  oomponent  rooks  or  strata  are  briefly 
noticed  in  smaller  t^-pe.  There  are,  further,  short  historical  sketches 
of  the  uses  to  which  the  materials  have  been  applied  during  the 
ormrse  of  thirty  centuries,  by  the  Etruscans  and  Romans,  and  by  the 
Greek,  Egyptian,  Phoenician,  and  Pelasgian  colonists  of  Southern 
Italy,  and  their  several  descendants  down  to  our  own  times.  Hence 
we  are  here  shown  of  what  stones  a  very  considerable  number 
of  classio  temples  and  other  edifices,  monuments,  tombs,  votive 
altars,  and  statues  were  constructed.  Descriptive  notices  also 
are  given  of  catacombs,  aqueducts,  roads,  bridges,  and  other  public 
works  of  the  ancients  and  moderns, — all  from  a  geological  stand- 
point. Thus  the  great  antiquities  of  Italy  have  been  brought  forward 
in  a  novel  and  highly  intelligent  and  interesting  manner,  far  beyond 
the  reach  of  existing  Guide-book  literature ;  and  both  tourists  and 
others  can,  like  true  students,  not  merely  seek  to  collect  new  facts, 
but  study  known  facts  better. 

Tlie  localities  of  rocks  of  economic  value  (excepting  sands  and 
clays)  are  indicated,  that  are  within  accessible  distances  from  towns, 
roads,  railways,  and  ports.  Some  of  the  most  interesting  places 
referred  to  as  containing  objects  worthy  of  notice  by  the  lithologist 
and  geologist,  as  well  as  the  antiquary,  are — Yolterra,  Cortona, 
Carrara,  Fivizzano,  Lerravezza,  Eome,  Tivoli,  Naples,  Pozzuoli, 
Syracuse,  and  Sardinia. 

Our  author  seems  to  us  to  have  succeeded  in  carrying  out  Plin^^'s 
object,  when  he  was  striving  (as  he  said  1800  years  ago)  to  treat 
old  subjects  in  a  fresh  readable  light.  The  old  Roman's  opinion  is 
given  as  an  epigraph  to  the  Introduction  at  page  xxi,  and  may  be 
read  as  follows  : — "  It  is  difficult  to  give  novelty  to  ancient  things 
and  authority  to  new ;  brightness  to  obsolete  and  light  to  obscure 
things ;  pleasure  to  the  fastidious  and  faith  to  the  doubting ;  a 
naturalness  indeed  to  everything  and  everything  to  its  own  nature." 

This  volume  mainly  consists  of  three  parts.  1.  The  Alps 
(pp.  32-164,  with  19  illustrations)  ;  2.  The  Apennines  and  the 
volcanoes,  both  active  and  extinct  (pp.  165-414,  with  30  illustra- 
tions) ;  3.  The  Islands  of  Sardinia  and  Sicily  (pp.  417-482.  with 
9  illustrations).  These  regions  are  treated  in  detail  according  to 
their  hydrographic  basins,  provinces,  and  communes,  which  yield 
building-stone,  marble,  etc. 

A  list  of  the  Illustrations  is  given  at  pp.  xi-xiv,  with  indications 
of  the  materials  used  in  the  several  buildings  shown, — as,  for 
instance,  part  of  a  Pelasgian  wall  at  Croton  (Cortona),  made  of 
great  blocks  of  Eocene  sandstone  (pietra  serena) ;  part  of  Etruscan 
funereal  monument,  in  Miocene  alabaster;  Etruscan  mortuary  tomb, 
of  Quaternary  travertine;  the  "cloaca  maxima"  at  Rome,  con- 
structed of  Post-pliocene  volcanic  tuff,  of  travertine  from  Tivoli, 
and  of  Post-pliocene  peperino ;  Roman  amphitheatre  at  Verona,  of 
compact  Jurassic  marble;  the  Pantheon  at  Rome,  with  granite 
columns ;  the  baker's  house  at  Pompeii,  with  mill-stones  of  late 
Tertiary  leucitio  lava ;  pavement  of  the  "  Via  Appia,*'  of  Post- 
pliocene  basalt;  pavement  of  the  Roman  mole  of  Puteoli  ^PotomoW^, 
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Xili  Post-pliooene  trachyte  of  the  Solfatara;  triamphal  arch  of 
Angastas  at  Susa,  the  cathedral  of  Milan,  aod  the  front  of  the 
Palazzo  Madama,  Turin,  of  white  Pre- palaeozoic  marble ;  and  the 
Bailway-station  at  Turin,  of  Pre-palseozoic  syenite  and  gneiss,  llie 
sources  of  the  material  of  these  and  of  the  nnmerons  other  pictured 
buildings,  statues,  etc.,  are  carefully  given.  Besides  those  mentioned 
above  there  are  views  and  sketches  of  the  mountainous  districts  that 
yield  marble,  of  some  quarries,  and  the  rough  modes  of  hauling  the 
blocks  by  means  of  cruelly  used  bullock-teams ;  also  of  Vesuvius, 
Lipari,  Pompeii,  cement-factories,  palaces,  churches,  bridges,  statues, 
catacombs,  cave-dwellings  of  Posilippo,  ancient  amphitheatres  and 
temples  (Roman  and  Greek),  and  of  the  enigmatical  pre-historio 
buildings  (Nuraghi)  of  Sardinia. 

At  page  XV  is  a  list  of  sixty -five  authors  who  have  described  the 
economic  stones  and  other  such  Italian  materials  used  in  oonstr notion, 
decoration,  inlaying,  etc. 

The  Preface  and  an  Introduction,  explaining  the  author's  plan 
and  intention,  with  a  brief  exposition  of  the  bearing  of  Greology  on 
the  subject  of  his  work,  follow  appropriately  to  page  zxxii. 

At  p.  XXXIII  a  list  of  the  economic  rocks  of  Italy  (eighty-nine) 
described  in  this  volume  is  given.  The  effects  of  atmospheric  action 
on  the  different  kinds  of  rock  and  stony  materials  are  noted  at  pp. 
xxxiv-xxxv  ;  and  the  relative  composition  and  character  of  cements, 
mortar,  and  plaster,  at  p.  xxxvi. 

Page  1  commences  with  a  catalogue  of  the  ancient  and  modern 
names  of  places,  the  economic  geology  of  which  is  mentioned  in  the 
volume.  At  pages  2  and  3  is  a  provisional  or  tentative  Table  of  the 
chief  geological  formations  occurring  in  the  Italian  Alps,  according 
to  the  writings  of  accredited  geologists,  with  indications  of  tlie 
different  economic  materials  found  in  or  made  from  the  several 
rocks.  At  pages  4  and  5  is  a  similar  carefully-constructed  Table  of 
the  rocks  and  strata  of  the  Apennines  and  their  associated  volcanoes. 
A  similar  Table  for  Sicily  is  presented  at  pp.  6  and  7  ;  and  one  for 
Sardinia  at  p.  8.  A  concise  list  of  leading  Fossils  for  each  of  the 
above-mentioned  regions  is  given  at  pp.  9  and  10.  Pages  11-13 
are  occupied  by  a  classified  and  alphabetical  list  of  the  Communes 
and  Provinces  mentioned  in  the  Volume,  with  the  respective  numbers 
of  the  paragraphs  concerned.  At  p.  32  is  a  list  of  fifty-five  modern 
cities  where  Italian  marbles,  or  ornamental  and  building  stones 
have  been  used. 

Not  only  is  this  volume  full  of  matters  of  general  interest  to  the 
educated  reader,  but  it  is  a  valuable  repertory  of  useful  information 
for  provincial  and  communal  administrations,  for  capitalists,  technical 
colleges,  and  geologists. 

Two  useful  and  carefully  compiled  Indexes  complete  the  volume. 
1.  An  Alphabetical  Index  of  the  Communes  in  which  the  several 
economic  materials  described  in  the  volume,  and  Aers  arrwnge^ 
under  their  Hthological  headings,  have  been  met  with.  2.  A  simply 
Alphabetical  Index  of  the  Communes  in  which  the  said  rocks  have 
been  found. 
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I.  L — iii.  of  Signor  Jervis's  "  Sabterranean  Treasures  of  Italy" 
>f  the  *' Topographical  Mineralogy"  of  that  kingdom,  under 
ree  same  geographical  headings  as  are  used  in  vol.  iv.  These 
Murlier  parts  (1873,  1874,  1881)  constitute  a  work  complete  in 
[price  40  lire) ;  and  so  does  vol.  iv.  (price  15  lire).  We  have 
f '  recommended  with  pleasure  some  of  Signor  Jervis's  books 
fossil  fuel,  mineral  waters,  etc.,  of  Italy  ;  and  now  we  again 
aly  praise  his  long-continued  efforts  for  thirty  years  (we 
>),  in  gathering  together  and  publishing  in  convenient  form 
ij  well-considered  facts  and  so  much  information  valuable  for 
rs,  workers,  and  capitalists,  not  only  in  his  adopted  country, 
roughout  the  civilized  world.  This  too  is  the  more  creditable 
,  as  he  has  not  spared  his  private  means,  any  more  than  his 
IS  and  oontinuous  exertions  in  travel  and  research.  We  hope 
list  his  labours  will  be  rewarded  with  the  honour  and  profit  so 
eserved.  T.  fi.  J. 


II. — Prof.  Dr.  von  Zittkl  on  Paliohthyologt. 

A.  VON  ZiTTBL,  Handbuch  dbr  Pal^ontolooib.  Pal^o- 
iLooiE.  Band  III.  Lief.  I.  II.  (R.  Oldenbourg,  Munich, 
87-88.) 

(Continued  from  page  130.) 

Dipnoi. 

!  chapter  on  Dipnoi  commences  with  a  list  of  the  more  im- 
K>rtant  works  relating  to  its  recent  representatives,  and  an 
)ting  brief  discussion  of  the  systematic  relationships  of  the 
To  the  Ctenodipterini  are  referred  Dipterus,  Ctenodna, 
aphu8,  Bolodus,  and  other  more  fragmentarily-known  fossil 
;  and  a  supplementary  section  includes  Megapleuron,  Concho- 
and  the  problematical  Tarrasins,  Ceratodua  is  the  only  fossil 
of  Sirenoidei;  and  Dr.  Fritsch  has  recently  suggested  that 
I  wrongly  thus  placed,  exhibiting  no  characters  by  which  it 
I  separated  from  the  Ctenodipterini.' 

Ganoid  EI. 

ong  introductory  section  to  the  important  group  of  Ganoids 

ises,   in  addition  to  the  usual  general   topics,  a  number  of 

»le,  and,  to  a  large  extent,  novel  remarks  upon  the  various 

of  development  met  with  in  the  vertebral  column  of  these 

illustrated    by   several    woodcuts.      Commencing   with   the 

ordal  forms,  and  then  referring  to  the  false  appearance  of 

rie  in  the  Pycnodonts,  Dr.  v.  Zittel  proceeds  as  follows  :  "  As 

there  first  appears  on   the  underside  of  the  notochord  an 

bony   plate    (hypocentrum),  which  in  the  caudal  region  is 

I  by  the  inferior  arches  and  sends  upwards  shorter  or  longer 

»  Geol.  Mao.  Dec.  II.  Vol.  VII.  June,  1880. 
*  Faona  der  Gaskoble,  vol.  u.  pt.  3  (1888),  p.  65. 

4I>B    HI' — yOL.    TI. — VO,   IT.  Yi 
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lateral  prooeBses.  Sometimes  also  tbe  hypocentmm  ooDsiata  of  two 
pieoes,  which  meet  together  beneath  tbe  notoobord.  Besides  the 
bjpooeotrum  there  is  seen  somewhat  above  on  both  sides  a  keel- 
sbaped  plate  (pleurocentrum),  pointed  below  bat  rounded  aboTe, 
by  which  the  notochord  is  partly,  though  not  completely,  enclosed. 
In  the  next  stage  both  the  upwardly  pointed  hypocentra  and  the 
downwardly  pointed  pleurocentra  extend  so  far,  that  a  zig-zag 
appearance  is  produced  laterally,  and  as  the  two  pleurocentra  also 
often  unite  on  the  dorsal  aspect,  the  Tertebra  is  now  formed  of  two 
thin  horse-sboe-shaped  half-rings,  completely  encircling  the  noto- 
chord. In  such  half-vertebrsB  tbe  upper  arched  pieces  (pleurocentra) 
never  partly  overlap  the  lower  pieces  (hypocentra),  as  Heckel  has 
erroneously  stated.  In  the  genus  Eurycormus  the  vertebral  column 
consists  in  its  front  half  of  about  equally  developed  horse-shoe-shaped 
half-rings,  while  in  the  caudal  region  the  attenuated  ends  of  the 
hypocentra  and  pleurocentra  unite  dorsally  and  ventrally,  thus 
forming  two  closely  apposed  delicate  rings  completely  surrounding 
the  notochord  (*falsche  Hohlwirbel,'  Vetter).  The  caudal  region 
of  the  recent  genus  Amia  exhibits  this  stage,  except  that  tbe  ossifica- 
tion has  proceeded  further  inwards  and  to  a  great  extent  constricted 
the  notochord.  In  a  number  of  Jurassic  Lepidosteoids  {Aspido- 
rhynchtis,  Belonostomtis,  Hisiionotus,  Ophiopais)  and  Palaeozoic 
Crossopterygians  {Rhizodopsis,  Megaltchthys),  the  vertebral  centrum 
consists  of  a  single  thin  cylindrical  ring  with  a  smooth  or  vertically 
striated  outer  surface.  That  the  '  Hohlwirbel  *  or  *  Ringwirbel ' 
results  from  the  lateral  fusion  of  two  half- rings,  is  conclusively 
proved,  for  example,  by  Aspidorhynchus,  for  here  the  caudal  region 
always  consists  of  hollow  vertebras  (Hohlwirbel),  while  the  front 
abdominal  region  mostly  consists  of  half-vertebrae,  of  which  the 
hypo-  and  pleuro-centra  form  rings  closed  dorsally  and  ventrally, 
but  remain  completely  separated  by  a  suture  laterally." 

In  the  systematic  description  of  the  Ganoids,  the  doubtful  frag- 
mentary remains  described  by  Pander  from  the  Upper  Silurian  of 
the  Island  of  Oesel  are  briefly  noticed ;  and  then  follow  the  three 
problematical  "  orders"  of  Pteraspidas,  Cephalaspidas,  and  Placodermi. 
Alth*s  determination  of  tbe  simple  shield  named  Scaphaapis,  as 
placed  ventrally  beneath  the  more  complex  shields  of  Pteraspis 
and  Cyothaspis,  is  adopted ;  and  the  restored  figure  of  the  two 
connected  shields  of  Fteraspia  is  reproduced.  These  fossils  are 
common  in  the  Old  Red,  not  of  Scotland  (as  stated),  hut  of  Western 
England.  We  would  also  remark  that  PalaasptSt  Claypole,  so  far 
as  defined,  falls  in  the  genus  HolasptB.  A  very  complete  synopsis 
of  the  Cephalaspidas  is  given,  including  references  to  the  species; 
and  the  hiHtological  remarks  are  illustrated  by  Huxley's  figures  of 
microscopical  sections  of  the  shields.  Both  these  groups  have  been 
80  well  treated  by  Ray  Lankester,  that  it  is  comparatively  easy  to 
summarize  our  present  knowledge  of  their  various  representatives; 
but  with  the  Placodermi  the  case  is  very  different,  and  a  carefully 
prepared  digest  of  the  existing  literature  of  the  subject  shows  how 
much  revision  of  the  typical  European  genera  is  required.     Such  a 
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levisioQ  18  now  in  progress  by  Dr.  R  H.  Traquair,  and  three  oon- 
tributions  to  the  subjeot  have  already  appeared.^ 

A  few  genera  "inoertsB  sedis"  succeed  tbe  Placodermi,  e.g. 
Menaspis,  OraeanthuSi  Stiekaeanthus,  etc.  Of  these,  Oraeanthua  is 
now  definitely  proved  to  be  an  Elasmobranch ;'  and  all  the  associated 
forms,  except  MeiMspii^  will  doubtless  share  the  same  fate  when 
microscopically  examined. 

The  more  typical  **  Ganoids  "  are  commenced  with  the  Chondros- 
tei,  of  which  only  two  families  are  recognized — the  AcipenseridsB 
and  the  Spatularidas.  Of  the  former,  Acipenser  ioliapicugf  Ag.,  is 
recorded  from  the  London  Clay  of  Sheppey,  and  we  might  add  A, 
ornatuBf  Leidy,  from  the  Miocene  of  Virginia.'  The  supposed 
existence  of  the  family  Spatularidsd  in  the  Devonian  age  {Macro- 
petaHchthys)  is  incredible ;  and  the  recent  researches  of  Davis  *  and 
Traqnair^  upon  the  Liassic  Chondrosteus  prove  conclusively  that 
this  genus  belongs  to  an  otherwise  unknown  extinct  family.  As 
indicated  by  its  generic  name,  CroasophoHs  possesses  small  pectinated 
scales,  and  these  are  worthy  of  note  inasmuch  as  they  necessitate  the 
modification  of  one  point  in  the  stated  family-definition. 

The  Acanthodidffi  follow  the  Chondrostei,  and  are  raised  to  the 
rank  of  an  order,  without,  however,  any  subdivision  into  families. 
Huxley's  conclusion  is  adopted,  that  these  fishes  are  intermediate 
between  Selachians  and  (xanoids ;  and  the  principal  genera  are 
briefly  noticed.  The  order  of  Crossopterygidae  occupies  the  next 
eighteen  pages ;  and  the  first  family  is  typified  by  Fhaneropleuron^ 
which  some  authors  would  place  in  the  Dipnoi.  The  Coelacanthidse 
are  treated  mainly  in  accordance  with  Reis'  recent  memoir ;  *  and 
then  follow  the  Devonian  and  Carboniferous  genera  included  by 
Huxley  in  his  families  Saurodipterini  and  Glyptodipterini.  The 
latter  have  been  remarked  upon  lately  by  Dr.  Traquair  in  tbe  pages 
of  this  Magazine;^  and  the  most  recent  information  concerning 
Devonian  Crossopterygians  will  be  found  in  this  article. 

Polypierus  naturally  closes  the  systematic  consideration  of  the 
Crossopterygian  Ganoids,  though  no  members  of  the  Polypteridse  or 
Polypterini  have  hitherto  been  detected  among  fossils.  Next  are 
placed  the  PalsBoniscidad  and  PlatysomidsB,  grouped  together  in  an 
order  named  by  the  author,  Heterocerci,  and  unaccountably  removed 
far  from  the  Chondrostei,  with  which  they  are  associated  by  Dr. 
Traquair,  whose  elaborate  detailed  researches  form  the  basis  of  the 
chapter.  It  is  unusual,  indeed,  not  to  place  the  Crossopterygians 
before  the  Actinopterygians,  as  being  referable  to  a  lower  stage  of 
fish-evolution ;  and  if  the  definitions  of  "  Chondrostei"  and  "  Hetero- 

^  Geol.  Mao.  [3]  Vol.  V.  (1888),  pp.  608-611  (General) ;  ibid.  Vol.  VI.  (1889), 
pp.  1-8,  pi.  i.  {Hom'>$teu»). — Ann.  Mag.  Nat.  Iliat.  [6]  vol.  ii.  (1888),  pp.  485-604, 
pU.  xvii.  xviii.  (AsterolepidcB). 

»  Gbol.  Mao  [3]  Vol.  V.  (1888),  p.  85. 

'  Rep.  U.S.  Geol.  Surv.  Territ.,  vol.  i.  pt.  i.  p.  360,  pi.  xxxii.  fig.  68. 

*  Quart.  Joum.  Geol.  Soc.  toI.  xUii.  (1887),  pp.  6n6-616.  pi.  xxiii. 
»  Geol.  Mao.  f31  Vol.  IV.  (1887),  pp.  248-257,  woodcuts. 

*  Palieontograpnica,  toI.  xxxt.  (1888). 

'  Geol.  Mag.  [3]  Vol.  V.  (1888),  pp.  612-516. 
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oeroi  *'  had  been  given  in  uniform  terms,  side  by  side,  we  venture  to 
think  that  the  illogical  nature  of  their  separation  would  have  become 
apparent.  The  Chondrostei  are  said  to  be  destitute  of  scales  and 
branchiostegal  rays,  while  the  Heterooerci  are  characterized  by  both 
these  structures  well  developed  ;  and  these  are  the  sole  differences 
of  importance  recorded.  Nevertheless,  Chondro$ietu  is  termed  a 
Chondrostean,  while  the  fact  is  omitted  that  its  numerous  large 
branchiostegal  rays  were  described  and  figured  by  Egerton  thirty 
years  ago;  and  one  of  the  Chondrostean s  mentioned  (Cro$$ophoU$) 
lias  the  flank-scales  even  more  developed  than  those  of  an  admitted 
member  of  the  PalssoniscidsB,  Phanerosteon.  Under  such  circum- 
stances. Dr.  V.  Zittel's  proposed  rearrangement  is  far  from  being  an 
emendation  of  Dr.  Traquair*s  results,  and  must  be  regarded  as  a 
decidedly  retrograde  step. 

On  reaching  the  Order  **  Lepidosteidse,"  the  influence  of  the 
author*s  own  researches  soon  becomes  apparent ;  the  Palaeontological 
Museum  of  Munich  containing  so  large  a  series  of  fine  Lepidosteoids 
from  the  Bavarian  Lithographic  Stone.  Several  rearrangements  of 
species  are  proposed,  with  one  or  two  new  genera;  and  there  are 
many  original  figures,  drawn  from  actual  specimens,  giving  much 
precision  to  our  knowledge  of  osteological  characters.  None  of  the 
families,  however,  are  named  from  the  typical  genera;  and  in  the 
first  division  (Stylodontidse)  we  observe  one  genus  (Dictyopyge), 
which,  if  Dinkel's  original  drawings  are  correct,  contradicts  one 
point  in  the  ordinal  definition  (''  Trager  der  unpaaren  Flossen  ebenso 
zahlreich  als  die  gegliederten  Strahlen"). 

The  extreme  forms  of  the  Stylodontidas  are  Acentrophorus  and 
Tetragonolepisy  and  the  family  also  includes  SemionotuSt  Hetero' 
lepidotuSf  and  Dapediua,  The  typical  genus  of  the  Sphcerodon tides 
is  Lepidotus,  with  which  are  identified  Plesiodus^  Dactylolepist  and 
ScrohoduB  ;  and  several  interesting  figures  are  given.  The  Muschel- 
kalk  ColohoduB  is  also  placed  here ;  and  likewise  the  Rhaetic 
Sargodon,  The  so-called  SaurodontidsB  (non  Saurod  on  tides,  Cope) 
comprise  EftgnathuSj  Platynagurriy  Ptycholepis^  PholidopIeuruSj  Pholi- 
dophoruBf  OphiopBta,  HtBtianoiuSf  MacrosemiuBf  and  other  genera  ;  and 
there  is  a  newly  determined  form,  IsophoUsy  separated  from  Pholt' 
dophorus  on  account  of  the  less  vertical  elongation  of  the  flank  scales 
and  the  fact  that  the  ventral  scales  are  scarcely,  if  at  all,  broader 
than  deep,  lliere  are  new  figures  of  the  skull  and  opercular 
apparatus  of  PholidophoruSf  laopholis,  and  Macrosemius;  and  many 
species  are  rearranged.  So  far  as  definitions  are  concerned,  this 
family  is  not  very  satisfactorily  distinguished  from  the  Stylodontidae ; 
and  we  suspect  that  one  genus  placed  in  the  latter  (Heterolepidotus) 
will  ultimately  prove  identical  with  one  of  the  present  family 
(Eugnathua), 

The  RhynchodontidsB  are  a  well-marked  family  comprising  il/ipi- 
dorhynchus  and  Behnoatomvs ;  and  interesting  details  are  given, 
partly  new.  The  Linssic  B.  acutus  is  deferred  for  consideration 
under  Belonorhynchus ;  and  to  the  comprehensive  list  of  species  we 
would  only  add  B.  laciniatus,  lately  recognized  from  the  Chalk  of 
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Moant  Lebanon.'  The  Ginglynrodi  are  represented  in  Europe  solely 
by  fragments  of  LepidoBteui  from  the  Eocene  and  Oligocene;  but 
two  extinot  genera  are  recorded  from  the  Lower  Tertiary  of  the 
United  States. 

In  the  order  "  Amiad»  "  are  arranged  the  three  families  of  Mioro- 
lepidoti,  Cyclolepidoti,  and  Halecomorphi ;  while  Leptolepis  and 
Thri$9op9  are  treated  later  nnder  the  Teleostei.  The  first  family 
indades  Pachyeormus,  HypsoeormuB,  SauropstSy  Agaisizia^  and  less- 
known  genera.  Of  the  Cyclolepidoti,  the  typical  genus,  Caiurus^  is 
treated  at  length,  with  several  figures;  ThlaitodoB^  Owen,  is  pro- 
visionally identified  with  8trobUodu$;  interesting  figures  of  the 
vertebrae  of  Eurycormtu  and  CaUopierus  are  inserted ;  and  the  section 
ooncludee  with  Oligopleurw^  Oenoseopus,  Macrorhipia,  and  Aeihalion, 
The  Haleoomorphi  comprise  the  extinct  MegaluruB;  and  the  so-called 
CyelunUt  of  the  European  Tertiaries,  is  identified  with  the  existing 
Amia, 

The  order  "  Pycnodontidsa  "  is  not  subdivided  into  families,  and 
ooncludes  the  Oanoidei,  with  the  exception  of  a  brief  appendix  upon 
the  problematical  Dorypterus,  A  new  figure  of  the  head  of  Gyrodhs 
is  important,  and  several  interesting  details  are  illustrated  in 
separate  woodcuts.  Cleithrolepis  is  placed  with  hesitation  after 
Gyrodua,  and  has  recently  proved  to  be  a  Dapedioid.'  A  detailed 
description  of  Mierodon  follows,  with  five  figures.  Ccslodus  is  made 
to  include  most  of  the  so-called  species  of  Pycnodus  and  Oyrodus 
from  the  Cretaceous ;  and  the  genus  Pycnodus  proper  is  confined  to 
the  Bk>oene. 

A  new  and  much  improved  figure  of  Dorypterus  is  given ;  but 
further  specimens  are  still  required  before  its  systematic  position 
can  be  determined.  A.  S.  W. 

{To  bt  continued.) 
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I. — Annual  Oknbral  Msktino,  February  16,  1889. — Dr.  W.  T. 
Blanford,  F.R.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1888.  The  Council  stated  that 
they  had  once  more  to  congratulate  the  Fellows  upon  the  prosperous 
state  of  the  Society's  affairs,  although,  from  various  circumstances, 
there  was  a  considerable  falling  off  in  the  total  number  of  Fellows. 
I'he  number  elected  during  the  year  was  68,  and  the  total  accession 
54;  but  owing  partly  to  the  results  of  an  inquiry  into  the  list  of 
Fellows  whose  addresses  were  unknown,  and  partly  to  greater  strict- 
ness in  the  application  of  the  Bye-Laws  relating  to  the  non-payment 
of  subscriptions,  the  total  loss  on  the  year  was  much  greater  than 
usual,  amounting  to  97,  and  thus  producing  an  actual  decrease  of  43 

1  OsoL.  Mao.  [31  Vol.  V.  (1S88),  p.  472. 

*  Quart.  Joum.  Geol.  8oc.,  toJ.  ihw.  (1888),  pp.  141-143, p\.  ^.  &|SI^.  ^^I. 
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in  the  total  number  of  Fellows.  The  nnmbers  of  oontribnting 
Fellows  was  reduced  by  8.  The  Balanoe-sheet  showed  receipts 
to  the  amount  of  £2866  16«.  lOd,  and  a  total  expenditure  of 
£2739  168.  Id.,  including  a  sum  of  £159  98.  2d.  expended  in  the 
purchase  of  stock.  The  actual  excess  of  receipts  over  expenditure 
was  £127  Os.  9(2.,  and  the  balance  in  favour  of  the  Society  was 
£248  12s.  5d.  The  Report  also  mentioned  the  proceedings  taken 
during  the  year  in  connexion  with  the  proposed  revision  of  tbe^ 
fiye-Laws,  and  briefly  noticed  the  Meeting  of  the  International 
Geological  Congress  in  London  in  September.  In  conclusion  it 
announced  the  aVards  of  the  various  Medals  and  of  the  proceeds  of 
the  Donation  Funds  in  the  gift  of  the  Society. 

The  Report  of  the  Library  and  Museum  Committee,  after  enume- 
rating the  additions  made  to  the  Society's  Library  and  Collections 
during  1888,  referred  briefly  to  the  work  done  in  the  Museum,  in 
the  way  of  cleaning  and  putting  it  in  order. 

In  presenting  the  Wollaston  Gold  Medal  to  Prof.  T.  G.  Bonney, 
D.Sa,  F.R.S.,  the  President  addressed  him  as  follows : 

Professor  Bonney, — A  Medal  that  was  instituted  to  promote  researches  conoeming 
tiie  mineral  structure  of  the  earth  cannot  be  more  appropriatelj  awarded  than  for 
petrological  studies.  That  the  method  of  research  has  changed  since  WoUaston^s 
time  is  larzely  due  to  the  improvement  of  modem  instruments ;  the  work  carried  on 
by  yourself  and  others  with  Uie  microscope  is  in  direct  continuation  of  that  done  by 
wollaston,  his  contemporaries  and  many  of  his  followers  with  the  goniometer,  tiie 
test-tube,  and  the  hahnce.  In  your  hands  the  microscope  has  been  a  valuable 
adjunct  to  field -ohserration,  and  nas  been  chiefly  applied  to  detect  the  secrets  of 
those  rocks  which,  possessing  no  organic  remains  to  oetray  the  tale  of  their  origin, 
have  hitherto  succeeded  in  baffling  the  curiosity  of  geologists  as  to  their  early 
history.  In  many  parts  of  the  British  Islands,  throughout  the  Alps,  and  in  Canada, 
especially  where  ancient  and  obscure  formations  presented  puzzles  yet  unsolved,  you 
have  been  occupied  in  adding  to  our  knowledge.  Nor  has  your  attention  been  con- 
fined to  Archiean  and  Plutonic  rocks;  you  were  a  leader  of  the  opposition  to  the 
prevalent,  but  perhaps  somewhat  exaggerated  view  of  the  powers  of  glacial  erosion, 
and  you  have  applied  the  same  key  that  had  admitted  you  to  the  inner  mysteries  of 
metamorphic  formations  to  unlock  the  history  of  British  sedimentary  rocks. 

In  conferring  upon  you  the  chief  mark  of  distinction  in  its  gift,  the  Council 
desires  to  evince  its  appreciation  of  your  scientific  researches,  and  the  Fellows  of  the 
Society  will,  I  feel  sure,  heartily  endorse  the  presentation  of  the  Wollaston  Medal  to 
you,  who  have  served  so  long  and  so  successfully  as  one  of  their  principal  officers. 

Prof.  Bonnet,  in  reply,  said  : — Mr.  President,— It  is  difiScult  for  me  adequately 
to  express  my  gratitude  to  the  Council  for  the  great  honour  which  they  have  con- 
ferred upon  me,  and  to  you  for  the  terms  in  which  you  have  spoken  of  my  work.  Of 
this,  the  defects  to  myself  seem  more  conspicuous  than  the  merits.  I  can  only  plead 
in  excuse  for  those,  that  my  work  has  been  carried  on  under  many  difficulties  on 
which  I  will  not  now  enlarge.  It  has  been  incomplete  and  preparatory,  often 
destructive  rather  than  constructive,  that  of  a  seeker  after  truths  to  which  another 
generation  will  attain.  If,  indeed,  there  be  any  good  in  it,  this  is  because  through- 
out I  have  studied  nature  more  than  books,  I  have  sought  for  reasons  rather  than 
for  authorities,  and  in  so  doing  have  endeavoured  to  apply  the  principles  of  induction 
which  I  learnt  years  ago  at  Cambridge  in  the  study  of  mathematics.  Still.  I  am 
conscious  that  for  this  crowning  honour  I  am  indebted  more  to  the  kindly  feeling  of 
others  than  to  m^  own  merits,  and  can  only  promise  that,  if  time  for  scientific  work 
yet  remain,  I  will  try  to  become  more  worthy  of  the  distinction  which  has  been 
awarded  to  me. 

In  handing  the  Murchison  Medal  to  Mr.  William  Topley,  F.R.S., 

for  transmission  to  Professor  James  Geikie,  LL.D.,  F.R.S.,  F.G.S., 

the  President  addressed  him  as  follows : 
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Mr.  Topler, — The  Council  has  awarded  the  Morcbison  Medal  to  Professor  James 
Geikie  in  acKnowled^ent  of  his  important  contributions  to  the  Geology  of  North 
Britain,  and  especially  of  his  investigation  of  glacial  phenomena.  His  '  Great  Ice- 
age  *  contained  a  full,  careful,  and  admirably  written  summary  of  tiie  observations 
made  up  to  lfi74,  and  the  interest  excited  by  tne  work  was  proveid  by  a  second  edition 
beinff  required  in  1877*  Professor  Geikie  has  besides  published  numtrous  papers,  not 
tiie  least  important  of  which  were  two  that  appeared  in  the  Society's  Quarterly 
Journal  containing  his  observations  '*  On  the  GUZcial  Phenomena  of  the  Long  Island 
or  Outer  Hebrides.'' 

Mr.  TopLBT,  in  reply,  said : — Mr.  President, — On  behalf  of  Prof.  James  Geikie, 
who  is  detained  in  Scotland,  I  beg  most  heartily  to  thank  the  Council  of  the 
Geological  Society  of  London,  for  the  honour  conferred  upon  him  in  the  Award  of 
the  Murchison  Medal.  A  prize  founded  by  and  continued  in  himour  of  his  old  chief, 
will,  I  am  sure,  have  for  Prof.  James  Geikie  an  especial  value.  He  has  desired  me 
to  communicate  to  you  the  following  remarks :  —  *'  I  feel  sure  that  my  fellow -geologists 
will  fully  agree  with  me  when  I  say  that  the  prosecution  of  our  favourite  science  is  its 
own  great  reward.  The  charms  that  first  took  our  fancy  do  not  lose  any  of  their 
attractions  after  we  have  become  confirmed  devotees.  On  the  contrary,  as  years  pass, 
our  interest  only  deepens,  and  we  are  so  absorbed  that  happily  we  escape  much  of  the 
fret  and  fever  of  these  bustling  times.  But  a  g^logist,  after  all,  is  human,  and  he 
would  be  leas  so  if  he  did  not  warmly  appreciate  the  sympathy  of  his  fellow- 
hammerers.  I  need  hardly  say,  therefore,  that  I  am  extremely  gratified  to  find  that 
I  have  gained  the  sympathy  of  so  representative  a  body  of  geologists  as  the  Council 
of  this  Society.  The  distinction  which  they  have  been  so  ^ood  as  to  confer  upon  me 
1  shall  cherish  not  only  as  a  mark  of  their  appreciation  of  the  little  I  have  done,  but 
as  an  additional  incentive  to  continued  work." 

The  President  then  presented  the  Lyell  Medal  to  Prof.  W.  Bojd 
Dawkins,  F.RS.,  F.G.S.,  and  addressed  him  as  follows : 

Professor  Boyd  Dawldns, — In  awarding  to  you  the  Lyell  Medal  for  the  present  year, 
the  Council  of  the  Geological  Society  wisnes  to  mark  its  recognition  of  the  importance 
of  your  palaeontoloncal  researches,  and  especially  of  the  aaditions  made  by  you  to 
oar  knowledge  of  the  mammalia  found  in  the  later  Tertiary  and  particularly  in  the 
Pleistocene  a«*posits  of  this  country.  Tour  researches  have  extended  over  a  con- 
siderable number  of  years,  and  amongst  the  earliest  of  the  papers  published  by  yon 
were  those  on  Britisn  fossil  oxen  and  on  the  dentition  of  certain  extinct  species  of 
Bhinoceros,  all  of  which  appeared  in  the  Society*s  Quarterly  Journal.  Your  attention 
has  especially  been  directed  to  primeval  man,  his  implements,  and  the  mammals  that 
were  his  contemporaries,  and  in  your  works  on*  Cave  Hunting'  and  *  Early  Man 
in  Britain  *  you  have  done  much  to  disseminate  a  knowledge  of  scientific  discoveries 
amongst  readers  whom  more  technical  works  would  have  repelled. 

Prof.  Boyd  Dawkins,  in  reply,  said : — Mr.  President, — I  thank  you,  from  my 
heart,  for  the  kind  words  which  you  have  spoken  in  awarding  to  me  the  honour  of 
the  l^yell  Medal  I  feel,  Sir,  on  looking  back  on  the  work  of  the  last  2  o  years,  how 
little  I  have  been  able  to  do  compared  with  what  I  proposed  to  do,  ana  I  console 
myself  with  the  knowledge  that  this  is  the  common  expenence  of  all  workers  in  all 
subjects.  My  main  work  has  been  in  that  field  of  Geological  inouiry  which  looks 
towards  history,  in  which  Sir  Charles  Lyell,  the  founder  of  the  Medal,  rejoiced  to 
labour,  and  its  results  have  for  the  most  part  been  published  in  the  Journal  of  this 
Society.  1  feel  therefore  peculiar  gratification  in  receiving  in  the  name  of  this 
Society  this  medal  for  work  done  in  Sir  Charles  Lyell's  favourite  field.  If  I  mav 
speak  of  the  future.  I  would  say  that  I  shall  work  all  the  harder  through  this  mark 
of  approbation  of  the  Society,  and  that  I  hope  to  be  able  to  do  a  little,  in  the  time 
that  18  left  to  me,  to  fill  up  the  blank  which  lies  between  our  science  and  history. 

In  presenting  the  Bigsby  Medal  to  Mr.  J.  J.  Harris  Teall,  F.G.S., 

the  President  said  : 

Mr.  Teall, — Your  contributions  to  the  Petrology  of  the  British  Islands  have  had  a 
ereat  influence  on  the  views  of  British  geologists.  In  your  papers  cm  the  dykes  of 
Northern  England  and  Scotland  you  have  added  much  to  our  previous  knowledge, 
and  in  your  description  of  the  metamorphosis  of  dolerite  into  hornblende-schist  you 
succeeded  in  proving  what  had  certainly  been  suspected,  but  probably  never  so  clearly 
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demoDstrated  before,  the  production  of  foliated  rocki  hj  tiie  aetimi  of  meduurieal 
forces  on  ig:neon8  formations.  Your 'British  Petrographj,' the  eoncluding  ^«t  of 
which  has  recently  appeared,  contains  many  original  obeeirations,  and  well  maintaiiiB 
the  scientific  character  of  your  preTious  writings,  whilst  it  tapplies  a  mnch-needBd 
desideratum  to  the  geologists  of  this  country.  The  Council  of  this  Society,  whilst 
awarding  to  you  the  Bigsby  Medal  in  token  of  the  esteem  in  which  they  hold  your 
work,  hope  your  *  British  Petrography'  may  be  the  precursor  of  other  equally 
Taluable  additions  to  our  science. 

Mr.  Tball,  in  reply,  said :— I  beg  to  offer  my  sincere  thanks  to  the  Council  for 
the  honour  they  have  conferred  upon  me,  and  to  ^ou,  Sir,  for  the  kind  way  in  which 
you  have  referred  to  my  work  There  is  an  accidental  circumstance  which  adds  to 
the  pleasure  I  feel  on  tnis  occasion ;  it  is  that  I  receive  the  Bigsby  Medal  on  the  day 
that  my  earliest  instructor  receives  the  highest  award  which  this  Society  can  give. 
I  should  not  be  standing  here  to-day  if  it  had  not  been  my  good  fortune  to  come  in 
contact  with  Prof.  Bonney  at  Cambridge. 

The  President  next  presented  to  Mr.  A.  Smith  Woodward,  P.6.S., 
the  Balance  of  the  Proceeds  of  the  Wollaston  Fund,  and  said  : 

Mr.  Smith  Woodward, — In  presenting  to  you  the  Balance  of  the  Wollaston  Fund, 
the  Council  of  the  Geological  Society  recognize  the  value  of  your  contributioos  to 
the  knowledge  of  fossil  fishes  and  fossil  reptiles.  Your  publications  on  these  classes 
of  animals  are  carefully  written,  and  show  an  extensive  acquaintance  with  the  rather 
intricate  literature  of  the  subject.  I  hope  that  the  award  now  banded  to  yon  will 
be  an  incentive  to  further  researches  and  an  assistance  in  prosecuting  them. 

Mr.  Smith- Woodward,  in  reply,  said: — Mr.  President,— I  beg  to  express  my 
best  thanks  to  the  Council  of  the  Geological  Society  for  the  honour  they  have  done 
me  in  making  this  award,  and  also  to  yourself,  Sir,  for  the  kind  manner  in  which 
you  have  spoken  of  my  slight  attempts  to  extend  the  boundaries  of  one  small  depart- 
ment of  our  Science.  It  has  always  been  mv  greatest  pleasure  to  devote  my  leisure 
hours  to  the  study  of  Natural  History;  and  it  is  very  gratifying  to  feel  that  the 
circumstances  of  the  last  few  years  have  enabled  roe  to  follow  these  pursuits  in  a 
manner  that  is  deemed  worthy  of  recognition  by  this  Society.  Continual  access  to  a 
collection  like  that  of  the  British  Museum  affords  exceptional  facilities  for  palsonto- 
logical  research  ;  and  the  experience  gained  when  assisting  my  late  senior  colleague, 
Mr.  William  Davies,  in  the  arrangement  of  the  unique  series  of  Fossil  Fishes,  has 
pointed  out  to  me  a  wide  field  for  investigation  amon^  the  lower  extinct  Vertebrates. 
The  highly-valued'  encouragement  received  to-day  will  incite  me  to  renewed  efforts, 
and  I  shall  still  strive  to  make  the  best  use  of  the  advantages  resulting  from  my 
official  position. 

In  presenting  the  Balance  of  the  Murchison  Geological  Fnnd  to 
Mr.  Grenville  A.  J.  Cole,  F.G.S.,  the  President  said : 

Mr.  Grenville  Cole,-  In  the  course  of  the  last  few  years  you  have  published 
several  interesting  papers  on  petrological  subjects,  and  especially  on  spherulitic  and 
perlitic  structure,  ana  on  volcanic  glasses.  The  Council  of  the  Geological  Society 
has  presented  you  with  the  Balance  of  the  Murchison  Fund  in  recognition  of  your 
contributions  to  Petrology,  and  as  a  means  of  aiding  you  in  extending  your  in- 
vestigations. 

Mr.  CoLB,  in  reply,  said :— Mr.  President, — This  award,  granted  by  the  Council 
of  the  Geological  Society,  is  all  the  more  pleasant  to  me  because  so  completely  un- 
expected, it  is  to  me  but  another  evidence  of  the  generous  encouragement  that  is 
extended  by  the  master- craftsmen  to  the  apprentices  in  geological  work.  To  deal 
with  rocks  from  a  purely  mineralogical  standpoint  would  be  to  i^ore  the  broad 
principles  of  geology  marked  out  by  the  founders  of  the  science,  and  it  will  always 
oe  my  earnest  endeavour,  stimulated  by  the  fellowship  of  this  Society,  to  connect  the 
minuter  researches  of  the  laboratory  with  the  study  of  earth -structure  in  the  field. 

The  President  lastly  presented  to  M.  Louis  Dollo  the  Balance  of 
the  Proceeds  of  the  Lyell  Geological  Fund,  and  addressed  him  as 
follows : 


Oeologieal  Society  of  London.  185 

M.  DoUo,' — ^Th6  ReptQian  and  Batraehian  Famias  of  the  Upper  Secondary  and  the 
Tertiary  strata  of  Belgium  have  only  of  late  years  become  generally  known  to 
geologists.  That  the  scientific  world  is  now  better  informed  concemiiig  the  wonderful 
remains  of  Cretaceous  Dinosaurs,  Mosasaurs,  and  Crocodiles,  and  l^th  Cretaceous 
nd  Tertiary  Chelonia  from  the  Belgian  beds  is  in  great  part  due  to  your  descriptions. 
In  awarding  to  you  the  Balance  of  the  Lyell  Fund  the  Council  of  the  Geolugicol 
Society  hope  to  aid  you  in  prosecuting  further  researches. 

M.  DoLiiO,  in  rejply,  said: — Mr.  President, — I  beg  to  express  mj acknowledgments 
lor  the  honour  which  has  been  bestowed  upon  me  by  the  Geological  Society.  This 
encouragement  will  stimulate  my  energies  in  the  field  of  palaeontology,  and  my  greatest 
ind  sincere  desire  in  that  I  may,  on  any  occasion,  render  mvself  useful  to'the  Geo- 
logical Society  of  London,  and  fidly  deserving  of  the  favour  wliich  it  has  been  pleased 
to  confer  upon  me.  The  nature  oi  the  researches  to  which  I  have  devoted  these  last 
yesrs  has  afforded  me  the  advantage  of  frequent  intercourse  with  many  of  the  palae- 
ontologists  in  this  country;  and  I  wish  <m  this  occasion  to  express  to  them  my 
indebtedness  for  the  many  encouragements  I  have  received. 

The  President  then  read  his  Anniversary  Address,  in  which,  after 
giving  obituary  notices  of  Mr.  W.  Hellier  Baily,  Prof.  H.  Carvill 
Lewis,  Vice-Admiral  T.  A.  B.  Spratt,  Viscount  Eversley,  Mr.  John 
Brown,  Mr.  W.  Ogilby,  and  other  deceased  Fellows,  together  with 
notices  of  the  Foreign  Members  and  Correspondents  of  the  Society 
who  have  died  since  the  last  Anniversary  Meeting  (Prof.  Gerhard 
Voin  Rath,  Prof.  T.  Kjerulf,  Prof.  Giuseppe  Meneghini.  and  Prof. 
Giuseppe  Seguenza),  he  noticed  the  papers  which  bad  been  pub- 
lished by  the  Society  during  the  past  year.  The  remainder  of  the 
Address  consisted  chiefly  of  a  discussion  of  the  work  of  the  Inter- 
national Congress  from  its  commencement  to  the  last  Meeting  in 
London  in  1888,  and  dwelt  upon  the  influence  which  such  meetings 
exercise  upon  the  progress  of  geological  science,  quite  apart  from 
any  formal  resolutions  which  may  be  arrived  at  by  the  Members. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  duly 
elected  for  the  ensuing  year :  — P#««few/;  W.  T.  Blanford,  LL.D.,  F.li.S.  Vice^ 
FienitUuU  :  John  Evans,  D.C.L.,  LL.D.,  F.R.S. ;  Prof.  T.  M'Kenny  Hughes.  MA. ; 
Prof.  J.  W.  Jndd,  F.R.S. ;  Prof.  J.  Prestwich,  M.A.,  F.R.S.  Staetarus:  W.  H. 
Hudleston.  Esq.,  M.A.,  F.R.S.;  J.  £.  Marr,  Esq.,  M.A.  Foreign  Sreretary  :  Sir 
Warington  W.  Smyth,  M.A.,  F.R.S.  Treasurer  :  Prof.  T.  Wiltshire,  M.A.,F.L.S. 
OtuHcil:  Prof.  J  F.  Blake,  M.A. ;  W.  T.  Blanford,  LL.D.,  F.R.S.;  Prof.  T.  G. 
Bonney,  D.Sc,  LL.D.,  F.R.S. ;  James  Carter,  Esq. ;  John  Evans,  D.C.L.,  LL.D., 
F.R.S.;  L.  Fletcher,  Esq.,  M.A. ;  A.  Geikie,  LL.D.,  F.R.S.;  Prof.  A.  H. 
Green,  M.A..  F.R.S.;  Rev.  Edwin  Hill,  M.A. ;  W.  H.  Hudleston,  F^..  M.A., 
F.R.S. ;  Prof.  T.  M'Kenny  Hughes.  M.A. ;  Prof.  J.  W.  Judd,  F.R.S. ;  Major-Gen. 
C.  A.  McMahon;  J.  E.  Marr.  Esq.,  M.A. ;  E.  T.  Newton,  Esq.:  Prof.  J. 
Prestwich,  M.A.,  F.R.S. ;  F.  W.  Rndler,  Esq.  ;  Prof.  H.  G.  Seeley,  F.R.S. ;  Sir 
Warington  W.  Smyth,  M.A.,  F.R.S.;  W.  Topley,  Esq.,  F.R.S.:  Rev.  G.  F. 
Whidbome,  M.A. ;  Prof.  T.  Wiluhire,M.A.,  F.L.JS. ;  Rev.  H.  H.  Winwood,  M.A. 


IL— February  20, 1889.— W.  T.  Blanford,  LL.D.,  F.R  S.,  President, 
in  the  Chair. — The  following  commimications  were  read  : 

1.  ''On  the  Cotteswold,  Midford,  and  Yeovil  Sands,  and  the  divi- 
sion between  Lias  and  Oolite."     By  S.  S.  Buckman,  Esq.,  F.G.S. 

After  giving  a  short  sketch  of  the  work  and  opinions  of  other 
writers,  the  author  proceeded  with  the  evidence  on  which  his  own 
views  are  based.  He  described  a  series  of  sections  of  the  typical 
exposures  of  '*Snnds"  and  contiguous  strata,  commencing  near 
Stroud  and  terminating  on  the  Dorset  coast.    Dlvidvag  VVi^  ^tv^ 
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into  seven  horizons,  characterized  by  their  distincHTe  Ammonites, 
viz.  Amm.  communis,  variabiliny  striatulus,  dispansus,  the  genns 
Dumortieria,  Amm,  Moorei  and  opalinus,  and  taking;  the  striatulus* 
beds  as  a  fixed  starting-point,  the  author  demonstrated  how  the 
strata  varied  in  regard  to  that  horizon.  The  Gotteewold  Sands, 
containing  the  variabilis-  and  part  of  the  eommffms-horizons,  were 
below  the  striatidus-heds ;  the  Midford  Sands,  containing  the 
dispansus-honzon,  were  above.  Qramm,  striatidum  occupying  a  thin 
bed  at  the  base ;  the  Yeovil  Sands,  containing  the  Moorei'  and 
i>umor<i«rta-horizon,  and  were  consequently  still  later  deposits. 

Since  the  different  sands  were  deposited  not  on  a  horizontal  plane, 
in  point  of  time,  but,  as  it  were,  obliquely,  the  deposit  of  Cotteswold, 
Sands  having  ceased  before  that  of  Yeovil  Sands  commenced,  it  was 
incorrect  to  lump  all  the  "Sands"  from  the  Cotteswolds  to  the 
Dorset  coast  under  the  single  local  name  '*  Midford  Sands,"  thereby 
implying  a  contemporaneity  which  did  not  exist,  while  the  use  of 
the  present  restricted  local  names  was  defended. 

The  Ammonites  were  apparently  uninfluenced  by  changes  in  the 
character  of  the  deposit,  since  the  same  species  are  found  in  Lime- 
stone in  the  Cotteswolds,  in  Sands  at  Midford,  and  in  argillaceous 
Marl  at  Ilminster.  The  change  from  argillaceous  to  arenaceous  or 
calcareous  deposits  has  been  looked  upon  as  so  distinct  a  feature, 
that  it  has  been  utilized  as  a  great  argument  in  favour  of  drawing 
the  line  between  Lias  and  Oolite  at  that  point ;  but  if  this  be  doue, 
the  line  is  always  drawn  at  different  horizons  in  different  districts. 

If  lithology  furnishes  no  reason  for  a  dividing- line  at  this  point, 
it  was  shown  that  neither  did  palaeontology.  It  was  also  shown 
that  the  Ammonite  family  Uilderoceratidse  dominated  the  period 
from  the  Falcifer-  to  the  Concavus-zone^y  and  that  with  the  close  of 
the  latter  zone  they  died  out  with  singular  abruptness,  and  that, 
furthermore,  there  exists,  both  in  England  and  upon  the  continent, 
a  marked  hiatus  at  the  same  point  due  to  the  absence  of  a  zone  or  a 
number  of  zones. 

On  account  of  these  facts  the  proposal  was  put  forward  that  d'Or- 
bigny*s  terra  ''Toarcien"  should  be  employed  to  designate  the  strata 
from  the  Fa/ct/er-zone  to  the  Coneavns  zone  inclusive,  that  this  term 
should  not  be  used  in  the  sense  of  merely  an  extended  **  Upper 
Lias,'*  but  to  mark  an  entirely  distinct  transition -formation, — a  defi- 
nite part  of  the  Jurassic  period, — separating  the  typical  Lias  from 
the  mass  of  thoroughly  Oolitic  strata. 

2.  "On  some  Nodular  Felstones  of  the  Lleyn  Peninsula."  By 
Miss  Catherine  A.  Raisin,  B.Sc.  Communicated  by  Prof.  T.  G. 
Bonney,  D.Sc,  LL.D.,  F.R.S.,  F  G.S. 

This  paper  dealt  with  two  small  masses  of  rock  forming  the  head- 
lands of  Pen-y-chain  and  Careg-y-defaid,  a  few  miles  from  Pwellheli. 
They  consist  of  old  lava-flows,  once  glassy,  now  de vitrified  and,  at 
the  former  place,  associated  with  interbedded  agglomeratic  and  ashy 
strata.  The  lithological  characters,  as  well  as  other  slight  evidence 
obtained,  would  fully  support  the  identification  by  the  Survey  of 
the  surrounding  beds  as  of  Bala  age. 
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The  rocks  exhibit  evidence  of  alteration  and  of  silicifioation, 
SDggesting  that  the  district  may  have  passed  through  a  Solfatara 
stage,  and  that  its  condition  may  have  been  not  far  removed  from 
that  of  a  geyser  region.  Perlitio  structure  is  common,  and  is  often 
found  in  connection  with  spherulilic  growth,  of  which  there  are 
many  gradations,  and  specially  markeil  and  large  examples  are 
presented  in  the  agate  nodules. 

Some  nodules  seem  to  result  from  spheroidal  fracture,  others  to 
be  masses  of  flow-brecoiation ;  but  the  majority  have  a  spherulitic 
cmst,  often  sorrounding  an  interior  occupied  by  secondary  quartz 
or  chalcedony.  Similar  specimens  were  described  and  compared, 
which  had  been  received  from  Boulay  Bay,  through  the  kindness  of 
Professor  Bonney.  The  evidence  of  these  and  of  the  Lleyn  ex- 
amples appears  to  be  strongly  in  favour  of  the  view  that  the 
spherulite  is  the  least  altered  and  most  durable  part  of  the  moss. 
Other  considerations  were  brought  forward  by  the  author,  which 
would  offer  some  further  difficulties  in  accepting  the  decomposition- 
theory  to  account  for  the  origin  of  the  interior  of  the  nodules. 
Some  of  the  specimens  described  present  certain  special  character- 
istics, and,  at  one  locality  in  the  Lleyn,  what  seem  to  be  quartzose 
amygdaloids  occur,  in  close  relation  to  agate  nodules.  On  the  whole, 
although  the  mode  of  origin  is  difficult  or  impossible  definitely  to 
prove,  the  evidence  appears  to  suggest  that  in  these  nodules  a 
spherulitic  crust  has  formed  around  an  originally  vesicular  nucleus. 

3.  "  On  the  Action  of  Pure  Water,  and  of  Water  saturated  with 
Carbonic-acid  Gas,  on  the  Minerals  of  the  Mica  Family.'*  By 
Alexander  Johnstone,  Esq.,  F.G.S. 

Two  muscovite  fragments  were  suspended  for  a  year,  one  in  dis- 
tilled water,  the  other  in  water  saturated  with  carbonic  anhydride. 
A  good  deal  of  mica-dust  was  detached  from  each,  but  no  material 
had  been  dissolved,  the  only  chemical  change  being  hydration, 
accompanied  by  physical  alteration,  producing  a  mineral  chemically 
and  physically  similar  to  a  natural  bydromuscovite. 

When  biotite  was  similarly  treated,  the  mineral  suspended  in 
the  distilled  water  became  a  hydrobiotite,  whilst  that  in  the  water 
saturated  with  carbonic  anhydride  underwent  chemical  change,  and 
was  converted  into  bydromuscovite  by  loss  of  magnesia  and  iron, 
which  were  dissolved  in  the  water. 

Lepidomelane  in  pare  water  became  hydrated,  but  in  carbonated 
water  also  sustained  a  loss  of  iron. 

The  author  has  ascertained  that  when  anhydrous  micas  become 
hydrated,  or  lower  hydrated  ones  more  highly  hydrated,  they  increase 
in  bnik. 

HoYAL  Gbolootoal  Sooirtt  of  Ireland. 

THE  Annual  General  Meeting  for  the  election  of  officers  took 
place  at  the  rooms  of  the  Royal  Dublin  Society  on  the  20th  of 
February.  Mr.  A.  B.  Wynne,  F.G.S.,  was  elected  President  and 
addressed  the  meeting,  taking  two  of  the  most  important  questions 
recently  brouglit  under  the  notice  of  geologists,  as  his  sub^ect^ 
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namely,  tbe  evidences  of  enormons  earth-moTements  and  horizontal 
displacement  in  the  Highlands.  And  secondly  the  arguments  in 
support  of  a  Palaeozoic,  or  Carboniferous  to  Permian,  Glacial  period. 
With  regard  to  the  former,  the  revelations  announced  by  the  officera 
of  the  Geological  Survey  as  to  transplacement,  metamorphism,  and 
deformation  of  the  rocks,  were  brought  to  notice,  and  amongst 
theoretical  or  other  observations  bearing  upon  the  question  of  how 
the  rock-masses  were  afforded  room  to  move,  the  late  obtiervationa 
by  Dr.  Ricketts  in  the  Gbolooioal  Magazine  were  referred  to  ;  also 
31  r.  J.  R.  Eilroe's  suggestions,  which  would  go  far  to  afford  a 
solution  of  the  question.  These  suggestions,  now  for  the  first  time 
advanced,  indicated  that  where  areas  of  locally  reduced  vertical 
pressure  came  into  existence,  by  bulging  of  the  crust,  in  consequence 
of  contraction  in  cooling  or  other  cause,  the  greater  vertical  pressure 
on  each  side  of  such  an  area  (possibly  increased  by  the  deposition  of 
denuded  materials  from  the  elevated  part)  would  produce  attenuation 
of  the  underlying  rocks.  The  pressed-out  substance  of  these  flowing 
— after  tbe  manner  described  by  Tresca  and  Daubree — towards  tbe 
space  beneath  tbe  area  of  least  pressure,  crumpling  and  folding  of 
beds,  in  this  position,  would  result.  This  need  not  necessarily  be 
accompanied  in  such  situations  by  metamorphism,  but  beneath  regions 
of  extreme  superincumbent  pressure,  once  the  cosmical  equilibrium 
was  disturbed  and  motion  originated,  metamorphism  would  proceed 
actively  till  equilibrium  was  restored.  Repeated  •action  of  this  kind 
would  produce  alternating  zones  of  greater  or  less,  or  no,  meta- 
morphism, and  where  the  vertical  pressure  and  consequent  movement 
on  each  side  of  an  elevated  area  of  least  pressure  differed  in  amount, 
the  tangential  thrust  of  the  rock-masses,  moving  in  opposite 
directions  towards  each  other,  would  vary,  the  most  powerful 
thrust  tending  to  pass  over  the  other  with  a  more  and  less  upward 
inclination  towards  the  place  of  least  pressure  and  least  resistance  at 
the  surface  of  the  elevated  area.  Development  of  these  actions 
where  the  scene  of  the  elevation  had  changed  to  a  previously  altered 
region,  would  account  for  most  of  the  phenomena  which  form  the 
key  to  the  latest  published  interpretations  of  Highland  geology. 

Regarding  the  second  subject,  the  address  pointed  out  that  since 
the  time  when  the  Rev.  Dr.  Haughton  recorded,  thirty-eight  years 
ago,  the  occurrence  of  glacial  boulders  of  granite  in  the  Carboniferous 
limestone  of  Dublin,  a  great  number  of  writers,  including  Dr.  Blan* 
ford,  President  of  the  Geological  Society  of  London,  had  advocated 
the  existence  of  glacial  features  in  connexion  with  Permian  or 
Carboniferous  bonlder-beds.  Amongst  these  writers  was  Sir  A.  C. 
Ramsay,  who  recognized  first  the  glacial  character  of  certain  Permian 
deposits  in  England,  but  numerous  other  writers  had  maintained  the 
same  character  for  beds  in  India,  Afghanistan,  South  Africa  and  East 
Australia,  regions  supposed  to  have  been  once  united  by  Solater  and 
Haeckers  lost  continent  of  *  Lemuria.*  Attention  was  called  to  the 
latest  contribution  to  the  geological  literature  of  the  subject  by 
Dr.  Waagen  of  Prngue,  who  contends  that  the  ancient  Carboniferous 
Ice  Age  prevailed  over  tbe  whole  earth  except  South  America,  and 
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tbe  eyidenoe  for  his  deduotions  was  disoossed,  it  being  thought 
improbable  that  these  would  be  at  onoe  or  entirely  accepted.  The 
expanding  field  of  geological  investigation  as  the  science  progressed, 
was  alluded  to,  fresh  and  important  discoveries  ever  rewarding  those 
who  laboured  to  oomplete  the  history  of  the  earth. 

A  vote  of  thanks  for  the  Address  was  proposed  by  Dr.  Hull  and 
seconded  by  the  Kev.  Dr.  Haughton,  who  observed  that  for  thirty 
jears  he  had  taught  the  geology  of  the  past,  and  now  contemplating 
the  geology  of  the  present,  he  shrunk  from  conjecturing  what  might 
be  that  of  the  future.  He  was  glad  to  find  the  discoveries  of  the 
lite  Prof.  Tresca,  of  Turin,  as  to  viscous  fluidity  from  pressure, 
ocourring  in  the  case  of  solids  and  metals  like  silver,  lead  and  gold, 
applied  in  explanation  of  geological  structure.  And  in  this  connexion 
lie  was  reminded  of  the  deposit  of  gypsum  cut  through  in  forming 
the  St.  Gothard  tunnel,  which  under  great  pressure  flowed  into  the 
tHunel  and  stopped  the  works.  The  Carboniferous  Ice-age  possessed 
considerable  interest  to  him  from  his  having  been  the  first  to  record 
glacial  boulders  of  that  period.  He  was  much  pleased  with  the 
Address  and  felicitated  Uie  Society  upon  the  election  which  had 
taken  place.  


DYKE   IN  THE  LIZARD  SERPENTINE.* 

Sra, — In  reference  to  Mr.  Somervail's  answer  (last  month)  to  my 
letter  indicating  two  inaccuracies  in  his  article  on  a  dyke  in  the 
Lizard  Serpentine,  permit  me  to  state  that  I  did  not  mistake  the 
south  for  the  north  end  of  Pentreath  Beach,  or  the  locality  of  which 
he  wrote.  It  is  not  my  custom  to  criticise  without  using  all  pains 
to  ascertain  what  an  author  has  said  or  (if  possible)  what  he  means. 
As  to  this  dyke,  I  believe  (though  to  be  quite  sure  I  should  have  to 
revisit  the  locality)  that  in  my  diary  I  have  a  sketch  of  and  a  note 
on  part  of  it ;  but  at  any  rate  I  know  its  situation.  On  the  theo- 
retical and  hypothetical  views  put  forward  in  the  article  and  the 
letter  I  do  not  presume  to  comment.  Mr.  Somervail  has  doubtless 
discovered  some  quicker  and  surer  way  to  a  conclusion  than  the 
laborious  route  on  which  I  have  been  obliged  to  plod. 

23,  Dennino  Road,  Hampstsad,  N.W.,  T.  G.  Bonney. 

February  2,  1889. 

SCIENTIFIC  BIBLIOGRAPHY.^ 

Sib, — All  workers  will  most  cordially  endorse  the  remarks  of  Mr. 

8.  S.  Buckman  (Geol.  Mag.  N.S.  Dec.  III.  Vol.  YI.  No.  II.  p.  94. 

London,  Feb.  1889).     But  surely  the  Societies  are  not  to  blame  for 

rins  of  omission  in   "  Authors'  Copies."      It  is  always  open  to  the 

author  of  a  paper,  when  ordering  his  separate  copies,  to  order  at  the 

lame  time  a  title-page  or  printed  cover  which  shall  give  all  necessary 

details.     It  is  not  to  the  advantage  of  a  Society  to  permit  an  author 

to  issue  his  paper  as  though  it  were  an  independent  publication : 

*  The  Editor  regrets  that  Prof.  Bonney* s  and  Mr.  Bather's  letters  were  omitted 
from  the  last  number  of  the  Magazine  from  want  of  space.  -Edit.  G.M. 
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this  however  is  the  effeot  prodaced  when  no  leferenoe  to  the  Society 
is  made  when  the  pagination  is  altered,  and  the  type  partially  reset 
All  parties  wonld  be  benefited  if  the  Society,  would  prohibit  sooh 
unnecessary  and  confusing  changes.  But  there  is  no  induoement  to 
a  Society  to  consult  the  wishes  of  those  who  break  up  odd  Tolomes 
of  their  Proceedings,  while  a  careful  worker  or  a  good  bookseller 
will  take  care  to  copy  the  information  before  the  original  covers  are 
destroyed.  Should  public-spirit  ever  lead  a  Society  to  move  in  this 
matter  in  the  direction  of  convenience  to  specialists,  then  the 
suggestions  of  Mr.  Buckman  would  be  admirable.  One  might 
further  suggest  that  a  fresh  paper  should  always  begin  on  a  fresh 
leaf;  the  extra  expense  would  be  small,  the  convenience  to  book- 
breakers  great  In  some  German  and  American  magazines  each 
paper  begins  a  fresh  '*  Section " :  so  excellent  an  arrangement 
might  well  be  adopted  by  our  leading  Societies. 

As  to  authors,  they  would  further  benefit  their  readers  by  attention 
to  two  points.  First,  by  giving  definite  and  descriptive  instead  of 
vague  and  unsatisfying  titles  to  their  papers.  Secondly,  by  pub- 
lishing some  address  at  which  letters  or  papers  would  find  them : 
one  often  wishes  to  communicate  with  a  fellow-worker  in  one's 
special  field,  but  is  deterred  by  the  absence  of  any  information  as  to 
his  whereabouts,  and  one  often  hesitates  to  make  the  hard  worked 
Editor  a  general  postman.  The  chief  gainers  by  this  would,  how- 
ever, be  the  authors  themselves. 

In  referring  to  a  paper  it  is  very  advisable  to  give  its  title,  as  well 
as  that  of  the  publication  in  which  it  appeared :  for  the  possessors 
of  a  separate  copy  are  often  unable  to  recognize  it  when  merely 
referred  to  by  a  string  of  letters  and  figures,  especially  when  the 
proper  information  has  not  been  given  with  the  authors*  copies. 
Brit.  Mus.  (Nat.  Hist.),  S.W.  P.  A.  Batheb. 


THE  OLENELLUS  ZONE  IN  N.  W.  EUROPE. 

Sir, — It  has  been  pointed  out  to  me  that  the  original  discovery  of 
the  Olenellus  zone  on  the  European  side  of  the  Atlantic  was  not  made 
by  the  late  Dr.  Linnarsson,  as  indicated  in  my  recent  "  Hole  on  the 
Discovery  of  the  Olenellus  Fauna  in  Britain" *  but  was  the  work  of 
my  friend  Dr.  A.  G.  Nathorst,  of  Stockholm.  In  the  year  1868  Dr. 
Nathorst  detected  and  described  a  new  and  distinct  hoHzon  below 
the  '*  Paradoxides  Beds  **  at  Andrarufn  (Scania),  containing  annelide 
trails  and  examples  of  Lingula,^  In  the  following  year  he  dis- 
covered in  the  same  horizon  a  Paradoondes4ike  form,  together  with 
examples  of  EUipsocephalt^s,  and  a  species  of  Arionellus,  Dr.  Torell, 
to  whom  he  communicated  this  discovery,  gave  the  Paradoxides^ 
form  the  provisional  title  of  "  Paradoxides  Wahlenhergi,"  and  named 
the  containing  beds  the  "  Paradoxides  Wahlenhergi  strata ;" '  but  he 
did  not  describe  or  figure  the  new  form. 

Linnarsson   made   his  own  discovery  of  Olenellua  {Paradoxides) 

»  Geol.  Mao.,  Nov.  1888,  p.  484. 

*  Ofvers.  Eongl.  Vetens.  Akad.  Forhandlinger,  Stockholm,  1869,  p.  64. 

'  Torelly  Petrefacta  suecana  Formationis  Cambrica,  1869-70. 
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Kjemffi  in  Norway  in  1870.  He  pablisbed  an  account  of  this  dis- 
ooviry  in  1871,  naming  the  characteristic  Trilobite  Paradoxidea 
Kjentifi,^  and  figuring  it  The  identity  of  this  species  with  the  pre- 
viously named  Paradoxidea  Wahlenhergi  of  Dr.  Torell  was  distinctly 
•eknowledged  by  Linnarsson  in  the  year  1876.^  Thus,  while  it 
mnst  be  admitted  that  Linnarsson's  specific  title  of  Paradoxidea 
{OUnellua)  KjervJIfi  must  be  retained  as  that  of  the  first  Trilobite 
figured  and  described  from  the  OleneUua  Zone  in  Europe ;  yet  the 
actual  credit  of  the  original  detection  of  this  Ofenellna  zone  belongs 
unquestionably  to  Dr.  Nathorst,  who  made  known  its  stratigraphical 
position  in  Sweden  at  least  two  years  before  Linnarsson  detected  and 
described  the  species  of  the  Olenellua  zone  from  Norway. 

Chas.  Lapworth. 


A  WOODEN  DINOSAUR.' 

Sir, — Frequent  protests  have  been  entered  against  the  hastiness 
with  which  new  species  or  even  genera  ai*e  founded  upon  frag- 
mentary materials.  But  all  previous  blundei-s  in  this  line  are 
thrown  into  the  shade  by  the  recent  restoration  of  a  new  genus  of 
Dinosaurs,  Aachenoaaurua,  from  two  fragments  which,  on  micro- 
scopical examination,  prove  to  be  nothing  but  masses  of  silicified 
wood.  The  contributions  to  this  subject,  quoted  below,  not  being 
easily  procurable,  we  think  the  readers  of  this  Journal  may  be 
interested  by  the  following  analysis. 

In  two  notes  published  in  Belgium,  Abbe  G.  Smets  describes 
a  fossil  obtained  by  him  from  the  sands  of  Aix-la-Chapelle,  in 
a  quarry  at  Moresnet,  Belgium,  between  Verviers  and  Aix-la- 
Chapelle,  sands  in  which,  according  to  the  most  competent  local 
authorities,  no  vertebrate  remains  have  as  yet  come  to  light.  This 
fossil  has  been  described  as  a  portion  of  the  right  dentary  bone, 
"  to  which  joins  another  fi*agment,  very  probably  of  the  coronoid," 
of  a  new  Dinosanr  of  the  family  HadroKauridse.  The  author  declare<l 
he  had  tested  the  bony  nature  of  this  fossil  by  means  of  the  lens  and 
the  microscope,  without,  however,  making  any  sections ;  while  some 
incrustations  were  identified  by  him  as  teeth.  A  plate,  so  rudely 
executed  as  to  be  utterly  worthless,  accompanies  his  second  paper, 
which  concludes  with  an  attempt  at  a  restoration  of  this  marvellous 
Dinosaur,  which  is  supposed  to  have  been  biped,  to  have  attained 
a  length  of  4  to  5  metres,  to  have  been  provided  with  a  spatulate 
mandible,  to  have  fed  on  succulent  plants,  while  its  hide  was 
probably  furnished  with  an  armour  of  dermal  spines. 

M.   Dollo  having  obtained  leave   to  examine  and  make   micro- 

^  Linnarsson,  Ofvere.  af  Kongl.  Vetens.  Akad.  Forhand.  1871,  p.  784. 
^  Ibui,  Brachiopoda  of  Swedish  Paradoxides  beds.     Bihang.  Kong.  Swensk.  Yet. 
Akad.  UandliDgar.  1876,  p.  5. 
'  G.  Smets.      Un    Keptile  nonveau    des    Sables    d*Aix-la-Chapelle.      Mus^on 

(l^ouvain),  ▼!.  1887,  pp.  133,  et  seq. 
G.    Smets.     Aarhenosanrus  mulUdenHt    Reptile    fossile    des    Sables    d*Aix-la- 
Cbapelle  (Mcmoire  presents  au  eongr^s  des   savants  catboliques  &  Paris  ct 
lu  dans  la  s6ance  du  9  avril,  1888).     Hiisselt,  1888,  8?o.  23  pp.,  1  pi. 
L.  Dollo.    AaefunoMurua  mu/tidtfUy  Bull.  Soc.  Beige  G6ol.  u.  l^^^^"^.  %Q^. 
G.  Smxts.     Ua  mot  de  rSponse  k  M.  L.  Dollo.    Haaaelt,  Uft9,  ^no.  Vi  y^. 
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soopioal  sections  of  tbe  fragments,  has  come  to  the  conclnsion  that 
they  are  merely  masses  of  fossil  wood,  a  view  in  whioh  he  is  su[>- 
ported  by  a  well-known  botanist,  Dr.  M.  Hovelaoqiie. 

This  demolishing  of  the  new  Dinosaur  has  bronght  upon  M. 
Dollo  a  would-be  crushing  retort  from  its  founder.  The  tone  of  the 
reply  is,  however,  not  of  a  kind  to  raise  its  author  in  the  opinion 
of  the  scientific,  or,  indeed,  for  that  matter,  of  any  other  world. 
He  seems  indeed  to  have  followed  the  Old  Bailey  maxim,  that 
when  you  have  no  case,  the  only  thing  left  is  to  abuse  the  plaintiff 
and  all  connected  with  him.  We  were,  however,  especially  con- 
cerned to  find  our  own  names  dragged  into  this  unseemly  oontroversy, 
on  the  ground  that  we  have  seen  reason  to  differ  in  certain  respects 
from  M.  Dollo's  views  a^  to  the  serial  position  or  specific  distinction 
of  some  of  tbe  Wealden  Reptiles  of  Belgium.  To  make  such 
differences  of  opinion  the  grounds  of  a  deliberate  impeachment  of 
M.  DoUo's  capacity  as  a  palaeontologist  is,  on  the  face  of  it,  too 
absurd  for  serious  notice.  We  believe,  indeed,  that  scarcely  any 
two  palasontologists  can  be  found  who  will  agree  with  one  another 
in  all  respects  as  to  the  affinity  of  a  totally  extinct  type  of  animal ; 
and  when  the  type  specimens  are  in  the  fragmentary  condition  in 
which  some  of  the  allied  English  forms  were  found,  there  is  no 
wonder  that  M.  Dollo  failed  to  recognize  their  identity  or  kinship 
with  the  Belgian  examples.  In  one  instance,  indeed,  one  of  the 
undersigned  has  since  agreed  with  M.  Dollo  in  regarding  the 
Belgian  Crocodile  Bemissariia  as  generically  distinct  from  the 
English  HylcBochampsa, 

We  are  well  assured,  in  conclusion,  that  no  words  of  ours  are 
needed  to  express  the  high  estimation  in  which  M.  Dollops  palaBonto- 
logical  work  is  held,  not  only  in  this  country,  but  wherever  the 
science  is  cultivated ;  and  we  look  forward  with  keen  hope  to  the 
appearance  of  fully  illustrated  monographs  from  his  hand,  which 
will  worthily  proclaim  to  the  world  the  priceless  treasures  preserved 
in  the  Brussels  Museum.  G.  A.  Boulenger, 

British  Museum,  20  March j  1889.  B.  Lydbkkeb. 


Human  Belios  and  Bones  of  Mastodon  found  in  Association. 
— Mr.  J.  M.  Clarke  reports  to  Dr.  James  Hall,  State- Geologist, 
Albany,  N.Y.,  that  in  the  village  of  Attica,  Wyoming  Co.,  N.Y., 
some  bones  of  Mastodon  (or  possibly  Elephant)  and  of  Elk  (?), 
together  with  charcoal,  have  been  found  at  a  depth  of  about  six  feet, 
in  a  natural  sink-hole  or  bog-hole  in  the  shale  of  that  place ;  and 
that  some  ancient  pottery  and  charcoal  were  found  in  a  neighbouring 
bog-hole,  about  40  feet  distant,  and  at  a  depth  of  a  foot  lower  than 
in  the  other  pit  The  two  holes  or  pits  were  once  connected  by  a 
small  watercourse.  The  hole  with  the  bones  and  charcoal  was  at 
top  about  30  feet,  and  that  with  the  pottery  and  charcoal  ab«»ut 
75  feet  in  diameter.  Both  narrowed  downwards,  and  contained 
**  black  muck  and  mucky  clay  " ;  one  is  under  the  street  and  the 
olher  in  a  pasture.  T ,  12*,  -I  • 
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I. — On  Fossil  Isopods,  with  a  Description  of  a  New  Speoies. 

By  Jakss  Cabter,   F.G.S. 
(PLATE  VI.  Figs.  1-7.) 

THE  recent  discovery  in  the  Woodwardian  Museum  of  an  un- 
described  species  of  Jsopod  from  the  Upper  Greenscuid  of 
Cambridge  affords  an  opportunity  for  the  revision  of  the  entire  list 
of  that  diass  of  fossils.  The  total  number  of  species  which  have 
hitherto  been  described  as  occurring  in  a  fossil  state  is  inconsider- 
able,— probably  scarcely  thirty — including  both  foreign  and  British. 
To  what  extent  this  small  number  expresses  the  variety  of  specific 
form  of  this  tribe  of  Crustaceans,  which  actually  existed  during 
the  period  of  deposition  of  the  several  rocks  in  which  their  remains 
occur,  it  ifi  impossible  to  determine,  as  doubtless  by  far  the  greater 
proportion  of  the  individuals  perished  by  reason  of  the  delicacy  of 
their  tissues — the  larger  and  thick-shelled  species  only  having  been 
preserved — the  small,  thin-shelled  kinds  not  admitting  of  recogniz- 
able " fossilization."  Specimens  of  Jurassic  and  Cretaceous  Isopods 
are  very  rare  both  as  to  variety  and  individual  number,  and  it  may 
be  inferred  that  this  rarity  of  occurrence  results  from  the  more  or 
less  turbulent  conditions  under  which  these  marine  deposits  were 
formed.  The  Tertiary  estuarine  and  freshwater  species,  buried  under 
more  tranquil  conditions,  are  much  better  preserved,  and  occur  in 
some  localities  in  innumerable  abundance — Sphoeroma,  ArchoBoniscus, 
etc. 

The  ■accession  and  geological  distribution  of  Isopods,  so  far  as  has 
yet  been  ascertained,  is  indicated  by  the  following  list : — 

One  species  has  been  obtained  form  the  Old  Ked  Sandstone. 
?  One      9,     .                     t9  the  Triassic  rocks. 

Five     „                          9,  the  Jurassic     „ 

Three  „                          »,  the  Cretaceous 

Eighteen                         „  the  Tertiary 

About  three-fourths  of  the  forms  enumerated  are  foreign,  and  seven 
species  have  been  recorded  by  Dr.  Woodward  as  occurring  in  this 
30untry : — 
Fraareturus  pigaa,'H.,y^oo^w Old  Red  Sandstone,  Hereford. 


tt 


tt 


Arehaoniscu*  Broditij  Milne  Edwards 
,,  Edwardsiiy  H.  Woodw. 

Falaga  Carteri,  H.  Woodw 

Bepyrus  8p.  (parasitic)      

Eoiph€troma  jiuviatitef  H.  Woodw.... 
SffUthiif  H.  Woodw.  ... 


>» 


Purbeck  Beds,  Vale  of  Wardour. 

»»  »» 

Grey  Chalk,  Dover. 

Greensund,  Cambridf^e. 

U.  Eocene,  Isle  of  Wight. 


II 


}i 
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To  this  list  may  be  added  Palcsga  MeCofi^  the  new  Cretaoeoas 
form  described  in  this  paper,  thus  making  a  total  of  eight  species  as 
representing  the  fossil  Isopods  in  Britain.  In  Phillips's  Greology  of 
Oxford  and  Valley  of  the  Thames,  p.  122  (1871  ed.),  the  genus 
JEga  is  mentioned  in  a  list  of  Liassic  fossils,  but  no  specific  name, 
figure  or  description  is  given. 

In  investigating  a  tribe  of  genera  it  is  obviously  desirable  not 
only  to  consider  each  gen  as  separately  and  distinctly,  isolated  from 
its  allies,  but  also  to  consider  it  with  reference  to  other  forms,  so 
as  to  determine  its  relationship  and  phylogeny,  and  the  precise 
zoological  position  which  it  occupies.  To  do  this  at  all  completely 
is  as  difficult  as  it  is  interesting,  even  with  reference  to  living 
organisms ;  but  with  regard  to  those  which  occur  only  in  a  fossil, 
and  consequently  in  a  more  or  less  imperfect,  condition,  the  difficulty 
is  increased ;  and  in  the  case  of  the  Isopods — as  indeed  in  that  of  the 
innumerable  host  of  perishable  organisms  which  doubtless  existed  in 
geological  periods — it  is  well-nigh  hopeless  to  attempt  such  an 
enquiry,  inasmuch  as  the  supply  of  material  in  the  shape  of  speci- 
mens is  so  extremely  limited.  It  may,  however,  be  useful  to  give 
collectively  a  brief  epitome  of  the  publications  of  the  few  palsdonto- 
logists  who  have  written  upon  the  subject  up  to  the  present  date. 

In  1879  Dr.  H.  Woodward,  who  is  well  known  to  have  long 
given  special  attention  to,  and  to  have  contributed  so  largely 
towards  a  knowledge  of,  fossil  carcinology  generally,  made  a 
valuable  communication  to  the  Greological  Society  (Q.J.O.8.  vol. 
XXXV.),  in  which  he  has  given  a  list  of  described  species  of  Isopoda, 
including  the  seven  already  alluded  to  as  being  British,  and  seven 
foreign ;  and  has  added  copious  notes  and  observations. 

Dr.  Ludwig  von  Ammon,  of  Munich,  has  published  an  able  and 
exhaustive  paper — <'  Ein  Beitrag  zur  Eenntuiss  der  fossilen  Asseln  " 
(Sitzungsber.  d.  Math.-Phys.  Glasse  der  k.  k.  Akad.  d.  Wissensch. 
1882,  Heft  iv.),  in  which  he  has  described  a  new  species  of 
Palaga  (P.  scrobiculata)^  and  critically  reviewed,  with  abundant 
bibliographical  references,  the  contributions  of  various  authors  who 
have  written  upon  Isopods.  He  has  also  compiled  a  table, 
systematically  and  stratigraphically  arranged,  of  all  the  species 
which  he  regards  as  true  Isopods,  including  those  which  Dr.  Wood- 
ward had  previously  enumerated,  and  adding  the  ten  following : — 

Isopodites  trioisieutf  Picard,  Trias.     (A  doubtful  form.) 
Urda  rosiratoy  MiinBt.  Solenhofen. 

„    punctata^       „  „ 

JEgites  Kutithiy  t.  Ammon  ,, 
Falaga  scrobieulata,  t.  Ammon,  Tertiary. 

From  the  **  XJnter  oligocaen,"  Tyrol ;  a  large  spedea 
yery  nearly  allied  to  Palaga  Carteri^  Woodw. 
Onisetts  eonvexuSy  Koch  und  Berendt,  Tertiary  (in  Amber). 
Triehoniseua  aaper^  Menge,  „ 

Foreeilio  notatuSf  Eoch  und  Berendt,  ,, 

„      granulatuty  Menge,  „ 

„       eyelophoruty  Menge,  ,, 

The  five  last  mentioned  are  terrestrial  Oniscidse,  of  small  size, 

and  nearly  allied  to  recent  forms.      A  new  Mexican  species  of 
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SphBrama  (8.  Burkartii^  Baro.)t  is  described  bj  M.  Baroena 
(Geological  Record,  1875,  p.  297).  The  Gkolooioal  Magazine 
for  April,  1887  (Vol.  IV.  p.  189),  contains  a  notice  of  a  paper  **  On 
New  Neogene  Isopoda,"  by  N.  Andrussow,  in  which  mention  is 
made  of  the  following : — 

Cfjfmodocea  Sarmatiea,  Andr.    A  marine  genus  of  the  Sphsromidse. 
Falmga  Anconitana^  Andr. 
Sphttroma  Catuliii^  Zigno. 

,,        tXMrSf  Eichw.  Bull,  de  Moscon,  1863. 
Cpmaioga  Jatykowii^  Eichw.  Cretaceous,  Bull,  de  Moscou,  1863. 

Lasdj,  let  me  add  that  Prof.  K.  A.  von  Zittel  (Handbach  der 
Palasontologie,  1885,  pp.  666  —670)  gives,  besides  the  foregoing : — 

ArthropUura  omata,  Jordan,  Goal-M.  Saarbriicken. 
AreKaospharoma  Friei^  Novak,  U.  Miocene,  Bohemia. 
Spharmna  faveolatum^  Costa,  Post-Tertiary,  Calabria. 
Armadillo  moUuneus,  H.  ▼.  Meyer,  U.  Miocene,  Oeningen  in  Baden. 

On  Palaga  McCayi,  sp.  nov.     Plate  VI.  Figs.  1 — 7. 

The  species  about  to  be  described  is  represented  by  three  specimens 
from  the  Cambridge  Upper  Greensand,  one  of  which  exhibits  the 
oephalon  and  first  two  segments  of  the  pereion,  another  is  tolerably 
complete  except  the  telson,  the  third  consists  of  portions  of  the 
pereion,  the  pleon,  and  the  telson,  with  traces  of  the  caudal 
appendages.  As  is  the  case  with  so  many  of  the  fossils  from  the 
same  prolific  bed,  the  specimens  occur  as  phosphatic  casts  only,  no 
portion  of  the  test  having  been  pi'eserved  :  these  casts  are,  however, 
so  sharp  as  to  afiford  characters  with  quite  sufficient  distiuctness 
to  be  available  for  specific  description.  As  specimens  of  Isopods 
occur  so  rarely,  and  are  usually  so  imperfect,  the  distinction  of  a 
new  species  by  means  of  mutilated  examples  seems  justifiable. 

DeBcripHon, — General  form  slender,  moderately  convex  trans- 
versely ;  lateral  margins  of  pereion  approximately  parallel ;  oephalon 
about  three-fourths  as  wide  as  the  first  segment  of  the  pereion,  rather 
wider  than  long,  rounded  in  front,  posterior  border  with  a  median 
condyloid  prominence.  Eyes  large,  reniform,  widely  separated, 
directed  obliquely  outwards  and  forwards;  extending  backwards 
beyond  the  transverse  mid-line  of  the  oephalon.  The  three  anterior 
segments  of  the  pereion  rather  shorter  than  the  succeeding  four; 
a  sharp  sulcus  marks  off  a  large  epimeron  on  each  segment.  The 
pleon  is  about  half  the  length  of  the  pereion,  and  rather  narrower ; 
it  consists  of  five  equal,  short  segments,  the  last  of  which  is  lodged 
in  the  sinus  of  the  fourth.  The  telson  constitutes  the  posterior  half 
of  the  pleon,  and  is  as  wide  anteriorly  as  the  segment  which  sup- 
ports it :  it  narrows  posteriorly  and  has  apparently  no  carina.  The 
surface  of  all  the  segments  may  be  seen  under  the  lens  to  be  pitted 
by  large,  widely  separated,  puncta  (see  PI.  VI.  Figs.  4  &  6).  The 
matrix  in  which  the  specimen  is  embedded  shows  a  sharp  cast  of 
the  uropodite,  the  basal  joint  of  which  has  the  inner  distal  angle 
prolonged  into  a  spine  more  than  half  as  long  as  the  endopodite — a 
character  which  occurs  in  many  JEgida :  the  endo-  and  exo-podite 
aie  broken ;  they  were  probably  of  moderate  and  of  eq^iol  «vl^. 
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Total  length  from  80  to  35  millimetres ;  width  from  8  to  9  mm. 
Upper  Greensand,  Cambridge ;  Woodwardian  Mnseiim. 

To  one  of  the  specimens  (Figs.  5  and  7)  Prof.  Seelej  attached  as  a 
MS.  label  Squilla  McCayi,  and  this  name  is  quoted  by  Mr.  Jakes 
Browne  in  the  list  of  fossils  contained  in  his  paper  '  On  the  Gam- 
bridge  Gault  and  Upper  Greensand'  (Q.  J.G.S.  May,  1875).  The 
subsequent  occurrence  of  two  other  specimens  has  enabled  me  to 
determine  that  the  fossil  so  named  is  the  pleon  of  the  Isopod  now 
described. 

Palaga  McCoyi  is  quite  distinct  from  all  other  desoribed  fossil 
Isopods,  although  it  bears  considerable  resemblance  to  several  recent 
forms.  I  have  provisionally  referred  it  to  the  genus  Palaga, 
established  by  Dr.  H.  Woodward  (Gkol.  Mag.  1870,  p.  495).  Some 
characters  suggest  a  reference  to  the  recent  genus  Cirolanaj  but  the 
tribe  to  which  it  really  belongs  cannot  be  determined  until  the 
details  of  the  cephalic  and  abdominal  appendages  are  known ;  in 
the  absence  of  this  knowledge  it  is  not  possible  to  decide  whether 
it  should  be  referred  to  the  JEgidee  proper,  or  to  the  CymothoidsB. 

With  reference  to  these  tribes,  as  regards  living  species,  a  most 
valuable  and  exhaustive  series  of  articles,  illustrated  by  numerous 
plates,  have  been  published  in  Naturhistorisk  Tidsskrift  (Oopenhag.), 
Bd.  xii.  xiii.  xiv.  1879-84,  *SymbolaB  ad  Monographiam  Cymotho- 
arum,'  by  J.  C.  Schioedte  and  Fr.  Meinert.  These  authors  also  pub- 
lish a  paper  in  the  same  series,  'DeCirolanis  ^gas  simulantibus 
common tatio  brevis,'  Bd.  xii.  1879-80. 

DESCRIPTION  OF  PLATE  VI.  Figs.  1—7. 

Fio.    2.    Falaga  MeCoyif  Cajrter,     Showing  the  cephalon  (crushed),  the  pereion,  and 

the  anterior  segments  of  the  pleon.   nat.  sixe. 
1.        ,,  ,,  ,,         Cephalon,  first,  and  portion  of  second  segment 

of  pereion.     nat.  size. 
4.        „  ,,  ,,         The  same  specimen  as  Fig.  1,  hat  enlarged. 

,,7.        ,,  ,1  },         Posterior    portion    of   pereion,  the  pleon  and 

the  telson,  with  impression  in  the  matrix  of 
uropodite.     nat.  size. 
,,     6.        ,,  ,,  „         The  same  specimen  as  Fig.  7,  hut  enlarged. 

,,     6.        ,,  ,,  ,,  Uropodite.     enlarged. 

„     3.        „  „  ,,         Restoration  of  entire  form. 


>» 


}) 


II. — On  the  Microsoopio  Structure  of  the  Jurassio  Pisolite. 

By  E.  Wethered,  F.G.S.,  F.C.S.,  F.R.M.S. 

(PLATE   VI.  Figs.  8—11.) 

THE  specimens  of  pisolite  which  I  have  examined  were  obtained 
from  two  horizons,  namely,  the  Coralline  Oolite  and  base  of 
the  Inferior  Oolite  near  Cheltenham.  The  pisolites  are  well  known 
and  have  frequently  been  referred  to  by  authors  as  fine  types  of 
oolitic  granules,  and  in  proof  of  this  I  may  quote  from  Mr.  H.  B. 
"Woodward's  last  edition  of  his  Geology  of  England  and  Wales. 
Speaking  of  oolite  granules  the  author  says  (p.  281),  ''  When  these 
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pirticles  approaoh  the  size  of  a  pea  or  bean,  the  rook  is  termed 
Piaolitey  PLsolitio  Limestone,  or  Pea-grit" 

The  CoridUne  Pisolite, 

For  the  specimens  which  I  have  examined  from  the  Coralline 
Oolite  and  for  information  descriptive  of  the  beds,  I  am  indebted  to 
Mr.  H.  B.  Woodward,  F.G.S.,  to  whom  I  return  my  cordial  thanks. 
The  first  specimens  sent  me  were  collected  at  Osmington,  near 
Weymouth,  from  a  bed  1  foot  thick,  and  occarring  6  or  7  feet 
from  the  base  of  the  Coralline  division,  named  <'  Osmington  Oolite  " 
by  Blake  and  Hndleston.'  The  specimens  consisted  of  dark  brown 
Oiloareous  spherules  about  the  size  of  peas.  They  were  loosely  em- 
bedded in  an  argillaceous  matrix  in  which  there  were  also  oolitic 
granules  of  the  ordinary  size  and  type. 

The  seotions  of  the  spherules  show  a  nucleus  in  each,  but  the 
stnicture  of  the  surrounding  material  can  only  be  studied  through 
a  miorosoope.  Viewed  through  a  low  power  the  nucleus  is  observed 
to  be  enclosed  by  rudely  concentric  layers  of  innumerable  minute 
tubnli.  Examined  by  a  half-inch  object  glass  the  tubuli  are  clearly 
defined.  They  measure  about  rsW  of  an  inch  in  diameter,  and 
are  remarkable  for  the  extraordinary  vermiform  twistings  and 
turnings  which  they  exhibit,  Fig.  9,  PI.  VI.  They  appear  to  make 
up  the  whole  mass ;  no  skeleton  fibre  can  be  made  out,  and  what 
spaces  there  are  between  the  tubuli  are  filled  with  crystalline  calcite. 
The  only  system  exhibited  by  the  tubuli,  if  system  it  can  be  called, 
is  that  they  appear  in  aggregations,  having  a  concentric  tendency 
around  an  unoccupied  space  in  the  centre  of  each  aggregation,  and 
that  the  latter  seem  to  interlace  one  with  the  other.  The  other 
specimens  sent  me  by  Mr.  Woodward  were  collected  at  Sturminster 
Newton,  from  the  bed  No.  6a.  mentioned  by  Blake  and  Hudleston.^ 
The  horizon  is  the  same  as  the  Osmington  pisolite,  and  the  bed  is 
described  as  consisting  of  "  loose  pisolite  of  large  flattened  concre- 
tions, 1  foot  thick."  In  shape  and  size  the  spherules  are  similar  to 
those  from  Osmington,  but  they  are  lighter  in  colour.  The  micro- 
scopic structure  is  generally  well  preserved  and  coincides  with  the 
description  given  of  the  Osmington  pisolite. 

Pisolite^  or  Pea-grit,  from  (he  Inferior  Oolite.     PI.  VI.  Fig.  8. 

After  examining  the  specimens  of  pisolite  from  the  Coralline  Oolite 
I  turned  to  the  Pea-grit,  so  well  known  as  occurring  at  the  bottom 
of  the  Inferior  Oolite  in  the  Northern  Cotteswolds.  The  greatest 
development  is  in  the  neighbourhood  of  Cheltenham,  and  the  strati- 
graphical  features  of  these  interesting  beds  have  been  frequently 
referred  to  by  geologists ;  among  whom  I  may  mention  Sir  B. 
Harohison,  Mr.  Strickland,  Dr.  Wright,  Professor  Hull,  Mr.  Lycett, 
ProfeMor  Buckman,  Mr.  Witchell,  Mr.  Etheridge  and  Mr.  Lucy. 

^  Quart.  Journ.  Oeol.  Soc.  toI.  xxxiii.  p.  265. 
•  lac,  eit,  p.  276. 
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Dr.  Wright'    divided  the  heds  as  they  oocmr  at  Leokhampton 
near  Cheltenham  as  follows,  in  descending  order : 

'*  A.  Brown,  coarse,  mbbly  oolite,  full  of  flattened  concretions,  cemented 

together  by  a  calcareous  matrix.  12  feet 

'*  B.  A  hard  cream-coloured  pisolite  rock  made  up  of  flattened  concretions 

of  about  the  thickness  of  those  in  A 10  „ 

'*C.  A  coarse,  brown,  ferruginous  rock  composed  of  large  oolitic  grains    20   „ 

Total        42  feet" 

Gommenoing  the  microscopic  examination  at  the  beds  marked 
C  by  Dr.  Wright,  we  see  a  limestone  made  up  of  granules  and 
fragments  of  organisms,  the  spaces  between  being  filled  in  with 
crystalline  calcite.  The  organic  fragments  consist  of  spines  of 
Echini,  Polyzoa,  Crinoids,  shells  of  MoUusca  and  Foraminifera, 
those  of  the  Crinoids  and  Echini  are  by  far  the  most  namerous. 
All  the  granules  show  a  nucleus,  but  in  some  instances  the  original  has 
become  converted  into  crystalline  calcite.  The  nuclei  vary,  indeed 
all  the  fragmentary  remains  of  organisms  mentioned  as  occurring  in 
the  rock  may  be  said  to  serve.  When  the  nucleus  is  a  portion  of  a 
spine,  then  the  shape  is  less  spherical  and  is  somewhat  elongated. 

The  granules  are  of  two  types;  first  the  true  oolitic  granule 
distinguished  by  the  concentric  layers ;  second,  spherules  which 
vary  in  size  from  that  of  ordinary  oolitic  granules  to  that  of  a  pea. 
In  this  latter  type  of  spherule  the  nucleus  is  not  surrounded  by 
concentric  layers  of  carbonate  of  lime,  but  by  vermiform  tubuli 
averaging  about  yixr  of  an  inch  in  diameter  (Figs.  10-11),  but  in 
some  instances  they  are  larger.  The  tubuli  may  be  said  to  be 
arranged  in  layers  or  bands  which  are  concentric  with  the  nucleus. 
In  some  instances  the  tubes  turn  and  twist  about  in  a  very  remark- 
able manner,  sometimes  assuming  a  flat  spiral  form. 

Passing  to  the  succeeding  series  of  beds,  marked  B  by  Dr. 
Wright,  we  find  the  pisolite  spherules*  as  large  as  peas  (Fig.  8, 
Plate  VI.),  but  often  flattened.  The  typical  Pea-grit  is  confined  to 
one  bed  which  averages  about  4  feet  6  inches  thick,  and  is  best 
studied  at  Cleeve  Hill.  It  is  a  mass  of  the  spherules,  which  are 
firmly  cemented  in  the  matrix.  On  exposure  to  the  action  of  the 
atmosphere  the  matrix  is  removed  and  the  spherules  then  stand  out 
in  relief  and  after  a  time  become  detached.  On  examining  some  of 
these  with  a  magnifying  glass  a  vermiform  structure  may  be  noticed 
in  some  instances. 

Thin  sections  made  from  this  typical  bed  show  the  nucleus  in  the 
spherules  to  be  surrounded  by  the  same  tubuli  as  represented  in 
Figs.  10  and  11,  but  if  anything  they  are  more  vermiform.  Some 
of  these  spherules,  however,  show  layers  and  spaces  not  occupied 
by  that  type  of  tubuli,  and  when  these  are  not  tilled  with  crystal- 
line material,  minute  tubuli  are  seen  which  correspond  with  those  in 
the  pisolite  from  the  Coralline  Oolite. 

>  Quart.  Joam.  Geol.  8oc.  toI.  xvi.  p.  7,  1860. 

'  I  use  tbe  term  spherule  fur  the  pisolites  and  granule  for  the  ordinary  oolitic 
fonnB. 
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Infxbenob. 

I  now  oome  to  the  inference  which  id  to  be  drawn  from  the 
observations  I  have  made.  The  first  conclusion,  which  cannot  be 
disputed,  is,  that  we  can  no  longer  regard  the  pisolites  as  a  form  of 
concretionary  oolitic  structure.  The  so-called  pisolite  granules  are 
really  formed  by  the  growth  of  an  organism  around  a  nucleus.  As  to 
the  determination  of  that  organism  the  similarity  to  the  genus  (7ir- 
fnnella  is  at  onoe  suggested.  This  organism  was  first  described  by 
Professor  A.  Nicholson  and  Mr.  R.  Etheridge,  jun.,^  and  has  since  been 
more  fully  referred  to  by  Professor  Nicholson.'  He  remarks,  "  This 
carious  fossil  occurs  in  great  numbers  in  the  lime-formation  of  the 
rock,'*  the  Ordovician  limestone,  **  and  presents  itself  in  the  form  of 
small  rounded  or  irregular  nodules  which  vary  in  diameter  from  less 
than  a  millimetre  to  more  than  a  centimetre.  The  larger  examples 
show  a  distinctly  concentric  structure,  visible  even  to  the  naked  eye, 
but  the  most  powerful  lens  fails  to  show  any  obvious  internal  structure 
in  fractured  or  weathered  surfaces.  Examined  microscopically  the 
nodules  of  QirvaneUa  are  seen  to  consist  of  exceedingly  minute 
circular  tubes,  endlessly  contorted  and  bent,  and  twisted  together  in 
loosely  retioulated  or  vermiculate  aggregations.''  This  description 
of  the  miorosoopic  structure  of  QirvaneUa  prohlematica,  the  one 
species  of  the  genus  mentioned  by  Professor  Nicholson  and  Mr. 
Etheridge,  jun.,  corresponds  very  closely  with  the  structure  of  the 
Coralline  pisolites,  and  with  the  minute  tubuli  in  some  of  the  Pea- 
grit  spherules  at  the  base  of  the  Inferior  Oolite.  A  comparison  of 
actual  specimens  confirms  the  similarity,  and  I  have  no  hesitation 
in  referring  the  Coralline  pisolites  to  the  genus  Girvanella,  Nor  do 
I  find  sufficient  evidence  to  warrant  me  in  making  a  new  species. 
It  is  true  that  the  majority  of  the  tubes  are  smaller  than  those  in 
0.  prohlemaiicaf  and  that  Professor  Nicholson  makes  no  reference  to 
a  nuoleus  around  which  they  congregate.  Now,  the  first  portion  of 
a  Jurassio  Crirvanella  spherule  to  undergo  change  is  the  nuoleus. 
In  some  specimens  we  find  simply  crystalline  dalcite  into  which  the 
original  nucleus  has  been  converted.  The  Silurian  rocks,  in  which 
QirvaneUa  was  first  discovered,  are  so  much  older  than  the  Jurassic 
Oolite  that  it  is  not  surprising  to  find  the  original  nucleus  changed 
into  crystalline  calcite.  In  the  specimens  which  I  have  examined 
of  O.  problevMitica  there  seems  to  me  to  be  undoubted  signs  of  a 
nucleus,  and  I  therefore  do  not  see  my  way  to  make  the  absence  of 
a  clearly  defined  nucleus  in  the  Silurian  forms  the  reason  for  proposing 
another  species  of  those  in  the  Coralline  Oolite,  but  it  is  possible 
that  at  some  future  time  evidence  may  be  obtained  which  would 
warrant  that  course  being  taken  for  reasons  apart  from  the  nucleus. 

With  some  of  tbe  spherules  of  the  Pea-grit  the  matter  is  different. 
The  larger  well-defined  tubuli  represented  in  Figs.  10  and  11  are 
wanting  in  the  Coralline  forms,  and  I  therefore  propose  to  give 
them  the  name  of  QirvaneUa  piaolitica.     It  is  a  question  whether 

^  Mon.  SU.  Fo».  Girran,  pp.  22-3.  pi.  ix. 

»  Geol.  Mao.  N.S.  Dec.  111.  Vol.  V.  p.  22, 1%%%. 
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two  speoieB  should  not  be  made  out  of  the  Pea-grit  forms,  on 
acoount  of  both  the  minate  tubuli  and  the  larger  type  oocurring  in 
the  same  spherule.  For  the  present,  however,  I  do  not  see  my  way 
clear,  as  it  may  be  that  the  two  forms  are  associated  together  in 
the  same  spherule. 

As  to  what  known  organisms  OirvaneUa  should  he  referred  is 
a  matter  which  seems  to  me  to  be  one  of  considerable  difficulty. 
Professor  Nicholson  and  Mr.  R.  Etberidge,  jun.,  referred  it  to  the 
Bkizapoda  and  regarded  it  as  related  to  the  arenaceous  Foraminifera. 
From  this  view  Professor  Nicholson,  in  his  later  oommunioation, 
sees  no  reason  to  depart  {loc.  cit.  p.  23). 

Gtrvanella  pisolitiea  (new  species),  Plate  YI.  Figs.  10  and  11. 

This  species  occurs  in  the  form  of  flattened  spherules  varying 
in  size  from  1  to  iV  of  an  incb  in  greatest  diameter  (Fig.  8, 
Plate  VL).  In  the  centre  of  each  spherule  there  is  a  nucleus 
which  is  surrounded  by  calcareous  tubuli  (Figs.  10  and  11)  with 
well-defined  walls,  and  averaging  about  This  of  an  inch  in  diameter, 
though  some  are  smaller.  In  some  instances,  more  especially  in 
the  larger  spherules,  the  tubes  bend  and  twist  about  in  a  truly 
vermiform  manner,  often  assuming  the  form  of  a  flattened  coil. 
It  diflers  from  Q.  prohlematica  inasmuch  as  the  tubes  do  not 
occur  in  aggregations,  and  are  more  concentric  around  the  nucleus. 
The  tubes  are  also  branching  and  are  larger  than  those  of  0, 
prohlematica, 

DESCRIPTION  OF  PLATE  VI.  Figs.  8— U. 

Fio.  8.  Spherules  of  OirvaneUa  pisolitiea  from  the  Pea-grit  near  the  hase  of  the 
Inferior  Oolite,  Cheltenham.    Natural  size. 

Fio.  9.  Portion  of  CHrvanella  problematiea  from  a  Coralline  Oolite  spherule,  x  68 
diam. 

Fio.  10.  .  OirvaneUa  pisolitiea j  shown  in  section,  from  near  the  hase  of  the  Inferior 
Oolite  near  Cheltenham,  x  40  diam.  (not  50  diam.  as  erroneously  marked  on 
the  plate). 

Fio.  II.  Another  spherule  of  OirvaneUa  pisolitiea  from  the  Pea-grit  near  Chelten- 
ham.    X  30  diam.     Shows  a  joint  of  a  Crinoid  as  a  nucleus. 


in. — Om  Jurassic  Ammonites. 
By  S.  S.  Buckman,  F.O.S. 

Ammonites  serpentinus  (Reinecke),  and  Ammonites  Stbanobwaysi, 

Sowerby. 

IN  a  former  communication  (Gkol.  Maq.  Deo.  III.  Vol.  IV.  No.  9, 
p.  396,  1887),  when  pointing  out  how  Reinecke's  Amm.  terpen- 
tinus  had  been  misunderstood,  I  gave  as  a  synonym,  but  with  a 
query,  Sowerby's  Amm.  Strangewaysi.  As  I  have,  since  then, 
examined  the  type-specimen  of  the  latter  species  contained  in  the 
collection  of  the  Natural  History  Museum,  and  as  Mr.  E.  Walford 
kindly  forwarded  me  for  my  determination  a  capital  specimen  from 
Byfield,  I  have  been  able  to  satisfactorily  settle  the  identity  of  these 
forms.  Except  being  evolute  carinate  Ammonites,  the  two  species 
have  hardly  a  feature  in  common. 
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H^BPOGERAS  Stranokwaysi  (Sowerbj). 

1823.    Ammonite  StrMngtufayn,  Sow.  Min.  Conch,  pi.  264,  fim.  1  and  3. 
1885.    Sarpoeerat  §erpeniinum,  Thompson  (non   Reinecke),  Upper  Lias ;  Jonm. 
Northampt  Nat.  Hist.  8oc.  toI.  iii.  p.  309,  pi.  1,  fig.  1. 

Disooidal,  oompressed,  hollow-oarinate.  Whorls  flattened,  orna- 
mented with  genuine  siokle-shaped  ribs,  which,  though  less  con- 
spicuous in  size  on  the  body-chamber,  are  there  more  distinctly 
bent.  Ventral  area  marked  by  the  prolonged  forward  sweep  of  the 
ribs,  and  surmounted  by  a  well-marked  hollow-carina.  Inner  margin 
almost  upright,  neither  concave  nor  convex.  Umbilicus  shallow 
and  open.  Inclusion,  with  the  body-chamber  present,  one-third. 
Termination  of  mouth-border  partly  visible,  showing  that  it  is  plain, 
and  curved  like  the  ribbing.     Aperture,  oblong. 

The  above,  taken  from  Mr.  Walford's  specimen,  differs  in  some 
particulars  from  Sowerby's  description  ;  but  then  neither  Sowerby's 
figure,  nor  his  description,  agree  with  the  original  specimen.  The 
umbilicus  is  drawn  considerably  too  large ;  the  inner  margin — 
"oblique  flattened  surface  which  forms  the  inner  edges  of  the 
whorls  " — which  Sowerby  emphasizes  so  particularly,  is  by  no  means 
slanting,  but  is  nearly  upright,  and  the  sectional  view  which  he 
gives  is  quite  incorrect  The  ribs,  too,  are  not  drawn  with  sufficient 
bend ;  they  are  truly  of  the  shape  of  a  sickle,  with  the  inner  portion 
quite  straight  and  a  marked  bend  at  the  middle.  The  indications  of 
suture-lines  are  correct  enough  in  Sowerby*s  figure,  and  his  specimen 
shows  that  the  lobes  are  exactly  those  of  Harpoceras,  as  I  described 
these  in  my  former  communication  (p.  397). 

Harpoceras  Strangewaysi  differs  from  Harp,  falciferum  by  its 
nmbilicua  being  much  more  open — about  one-fourth  larger — its  ribs 
not  quite  so  strongly  bent,  and  its  inner  margin  almost  upright 
instecul  of  being  undercut.  Individual  specimens  of  this  species 
seem  to  differ  in  the  coarseness  of  their  ribbing.  Sowerby's  example 
is  more  coarsely  ribbed  than  his  drawing  would  lead  us  to  expect 

Mr.  Walford's  specimen  came  from  the  "Fish-bed,  Upper  Lias, 
Byfield";  Mr.  Thompson  sent  me  a  specimen  from  Bugbrook  ;  and 
I  have  a  poor  example  from  Trent  near  Yeovil ;  Sowerby's  specimen 
came  from  Uminster.  The  species  seems  to  be  unknown  on  the 
Continent 

HiLDOOEBAs  8EBPENTINUM  (Eeiuecke). 

1818.     Argonauta  •erpentinut^  Heinecke,  Maris  protogfei,  figs.  74,  75. 

1867.     Atnmanites  §erpeni%fiu»j  Meneghini,  Monogr.  calc.  rouge ;  Paleont.  Lombarde, 

4e  s^rie.      Plate  iii.  fig.  1 . 
1885.     HildoteraM  §erpentinum,  Hang,  Beitr.  Hon.   Harpoceras;  Neaes  Jahrbuch 

fiir  Mineral  Beil.-Bd.  iii.  p.  643. 

I  discussed  this  species  in  my  previous  communication  (p.  396), 
pointing  out  wherein  it  differed  from  a  species  to  which  this  name 
had  been  erroneously  applied.  I  was  uncertain,  then,  as  to  its 
genus,  because  I  had  not  a  specimen ;  and  Am,  Strangewayst  being 
given  as  a  synonym  minJed  me. 
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The  snture-lioe^  of  this  species  differs  entirely  from  Harp,  Strange- 
waysi ;  it  lacks  all  the  florid  ornamentation,  the  large  aooeesory  lobe, 
and  the  auxiliary  lobe ;  in  fact,  the  suture-line  is  an  almost  exact 
copy  of  what  belongs  to  Hildoceras  bifrona.  The  ribs  incline  more 
to  a  sigmoidal  curve,  the  inner  margin  is  actually  obliquely-truncated, 
and  inclining  to  be  concave  ;  the  carina  is  solid  and  bounded  by  two 
slight  furrows  (which,  however,  disappear  on  the  body-chamber) ; 
the  inclusion  is  almost  nil«  and  the  whorls  are  consequently  narrow, 
l^he  difference  betwen  the  suture-line  of  Harp.  8trangeway$i  and 
Hildoceras  serpentinum  is  so  striking  that  any  one  who  has  seen  the 
two  species  together  would  never  mistake  them. 

Hild,  serpentinum  is  very  like  Hild,  bi/rons  in  all  respects,  but 
lacks  the  longitudinal  furrow ;  while  it  has  smaller  ventral  channels, 
and  its  ribs  are  visible  on  the  inner  area. 

The  species  is  evidently  extremely  scarce  both  in  England  and  on 
the  Continent.  I  have  searched  both  the  Natural  History  and 
Jermyn  Street  Museums  without  success ;  and  the  only  specimen  I 
know  is  the  one  in  my  own  collection  from  South  Petherton,  pro- 
bably from  the  Falciferum-zone, 

Neither  this  nor  the  previous  species  were  figured  in  Wrighfs 
monograph. 

Ammonites  Mubghisonjs,   Amm.  gorbuoatus,   Ahm.   ueviusoulus 
Sowerby  ;  Harpooebas  amaltheifobme,  Vacek. 

The  first  three  species  have  usually  been  united  under  the  name 
Amm,  Murchisona ;  but  this  arose  from  the  fact  that  the  two  species 
suppressed  had  never  been  correctly  identified.  I  was  soon  able  to 
satisfy  myself  concerning  the  species  to  which  Sowerby  had  given 
the  name  Amm.  laviusculus ;  but  the  little  shell  figured  as  Amm. 
eorrugatns  proved  a  most  difficult  subject.  It  has  in  fact  taken 
me  five  years  to  find  the  truth,  even  though  I  was  often  able  to 
contpare  Sowerby's  original  with  my  own  specimens.'  Three  yeai-s 
ago  I  imagined  that  it  agreed  with  the  young  of  Yacek's  species ;  but 
there  was  a  very  slight  discrepancy  in  the  curvature  of  the  ribs  upon 
the  ventral  area,  and  therefore  I  was  not  absolutely  satisfied.  Last 
summer  I  obtained  some  specimens  from  Dundry;  and  during  a 
recent  visit  to  the  Natural  History  Museum,  I  was  able  to  satisfy 
myself  concerning  what  Sowerby 's  corrugatus  really  was. 

I  have  already  treated  of  Ludwigia  Murchisonat  Sowerby  sp.,  in  my 
Monograph,  pt.  i.,  and  have  nothing  further  to  add  thereto ;  but  I 
will  define  the  other  species. 

SONNINIA   OOBBTJGATA  (SoWCrby). 

1825.    AmmoniUi  eorruffatm,  Sowerby,  Min.  Conch,  pi.  451,  fig.  3. 

1867.    patella^  Waagen,  Geogn.  Tal.    Beitr.    (Zone  Amm.    Soumb^ 

pi.  25,  fig.  2,  3. 

1  Hitherto  unknown  (Eaug).  It  agrees  almost  exactly  with  my  fig.  28,  pi.  A. 
(Monogr.  Ammontteif  1889,  part  iii.),  but  the  inferior  lateral  lobe  is  a  little  laiger 
and  is  nearer  the  edge. 

*  I  take  the  opportunity  of  thanking  the  ofiScers  of  the  Natoral  History  and 
Jermyn  Street  Mudeums  for  their  kindness  and  couitesy. 
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Non  Ltidwigia  eorrugata^  DoaTill^. 

When  young,  this  species  possesses  coarse  ribs,  more  or  less  joined 
towards  the  inner  margin,  and  projected  forwards  on  the  ventral  area ; 
it  has  a  small  keel  sunk  between  two  furrows ;  and  the  preceding 
whorl  is  ooyered  about  one-half  by  the  next.  It  soon  loses  its  fur- 
TOWSy  obtains  a  large  hollow  carina,  and  at  a  later  date  loses  its  ribs; 
itn  envelopment  is  now  two-thirds,  quickly  decreasing  again  to  one- 
half  at  the  mouth. 

When  adult,  the  species  reaches  a  diameter  of  11  inches,  is  quite 
smooth,  and  is  then  the  Amm.  patella^  Waagen,  whose  name  must 
now  give  way  to  Sowerby's.  It  occurs  in  the  "  Ironshot  Oolite  "  of 
Dundry,  Somerset;  and  I  have  a  large  specimen  from  Sherborne, 
Dorset     Its  horizon  is  either  the  Humphriesianum  or  Sauzei^zovLO. 

WiTOHBLLIA  L2BVIUS0ULA    (SoWCrby). 

1825.    Ammonit0$  lavitueuiusy  Sowerby,  Min.  Conch,  pi.  461,  fig*  It  2. 

1885.  Harpoeerat  Utviuseulum,  Haug,  Beitr.  Mon.  Harpoceras ;  Neoes  Jahrbach 

fiir  Mineral,  etc.  Beil.-Bd.  iii.  pi  xii.  fig.  6. 

Sowerby's  figures  of  this  species  are  very  truthful.  They  do  not, 
however,  show  one  peculiarity  belonging  to  this  species,  and  in  fact 
to  this  genus,  namely,  that  when  the  test  is  absent,  the  ventral  area 
carries  two  deep  furrows  each  side  of  a  carina;  when  the  test  is 
present,  the  furrows  are  not  observable,  while  the  carina  is  much 
raised,  and  is  of  the  hollow  type.  The  species  occurs  plentifully  at 
Oborne  in  the  Sauzet-zone,  and  also  at  Dundry  in  the  Ironshot  Oolite, 
but  not  so  frequently.  I  have  proposed  the  genus  Witehellia  for 
species  which  have  the  peculiarity  of  a  furrowed  core  and  a  hollow 
carina,  compressed  sides,  coarse  irregular  ribs  with  a  long  ventral 
projection,  and  a  suture-line  which  possesses  the  characteristics  of 
that  of  iSontitnta,  but  is  by  no  means  so  ornate.  The  genus  begins 
with  the  evolute  W,  Sutneri  (Branoo),  and  gradually  developing 
ends  with  the  involute  W.  kmusetda. 

• 

Hammatoobbas  amalthbiformb  (Yacek). 

1886.  Harpoeeras  anu^theifomu,  Yacek,  Oolithe  Cap.  San.   Yigilio.  Abh.  k.  k. 

geol.  JKeichsanstalt,  Bd.  iiL  pi.  ix.  fig.  1  only. 

In  youth  almost  exactly  similar  to  Sonninia  eorrugata ;  but  the  ribs 
meet  the  carina  with  only  an  extremely  slight  forward  projection. 
When  adult,  the  species  is  entirely  different ;  it  is  much  thicker,  and 
still  possesses  its  coarse  ribs.  The  suture-line  is  quite  different  to 
that  of  Sonninia ;  the  inner  lobes  crossing  the  inner  area  in  such  an 
oblique  direction — much  dependent — are  characteristic  of  the  genus 
HamnuitoeercLS* 

I  possess  a  whole  series  showing  the  evolution  of  this  species  from 
Hiamm.  insi^ne  (Schubler) ;  nor  does  the  development  of  the  genus 
end  here,  for  a  species  with  a  smaller,  almost  closed,  umbilicus  is 
evolved. 

This  species  occurs  in  the  Cancavum-zone  of  Bradford  Abbas,  but 
isBoaroe* 
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IV. — CoMPABuoM  or  TUX  Peinoipal  Forks  or  DnroaAUBiA  of 

EUBOPB  AMD  AmXBIOA.^ 

Bj  Profeesor  0.  C.  Mabsh,  Ph.D.,  LL.D.,  F.G.8. 

THE  remains  of  Dinosaurian  reptiles  are  very  abundant  in  the 
Rooky  Mountain  region,  espeoially  in  deposits  of  Jurassic  age, 
and  during  the  past  ten  years  the  author  has  made  extensive  collec- 
tions of  these  fossils,  as  a  basis  for  investigating  the  entire  group. 
The  results  of  this  work  will  be  included  in  several  volumes,  two  of 
which  are  now  well  advanced  towards  completion,  and  will  soon  be 
published  by  the  United  States  Geological  Survey. 

In  the  study  of  these  reptiles,  it  was  necessary  to  examine  the 
European  forms,  and  the  author  has  now  seen  nearly  every  known 
specimen  of  importance.  The  object  of  the  present  paper  is  to  give, 
in  few  words,  some  of  the  more  obvious  results  of  a  comparison 
between  these  forms  and  those  of  America  which  he  has  investigated. 

With  this  purpose  in  view,  it  will  not  be  necessary  to  discuss 
here  the  classification  of  the  DinoBauria,  their  affinities,  or  their 
origin.  These  topics  will  be  treated  fully  in  the  volumes  in  prepara- 
tion. For  the  sake  of  convenience,  however,  the  ordinal  names 
proposed  by  the  author,  and  now  in  general  use,  will  be  employed. 

Sattbopoda. 

The  great  group  which  the  author  has  called  Sauropoda,  and 
which  is  represented  in  America  by  at  least  three  well-marked 
families,  appears  to  be  rare  in  Europe.  Nearly  all  the  remains 
hitherto  discovered  there  have  been  found  in  England,  and  most  of 
them  in  a  fragmentary  condition.  The  skull  is  represented  only  by 
a  single  fi-agment  of  a  lower  jaw  and  various  isolated  teeth,  and, 
although  numerous  portions  of  the  skeleton  are  known,  in  but  few 
cases  have  characteristic  bones  of  the  same  individual  been  secured. 

Quite  a  number  of  generic  names  have  been  proposed  for  the 
remains  found  in  England,  and  several  are  still  in  use,  but  the 
absence  of  the  skull,  and  the  fact  that  most  of  the  type  specimens 
pertain  to  different  parts  of  the  skeleton,  render  it  difficult,  if  not 
impossible,  to  determine  the  forms  described. 

In  the  large  collections  of  Sauropoda  secured  by  the  author  in 
America,  which  include  the  remains  of  more  than  one  hundred 
individuals,  both  the  skull  and  skeleton  are  well  represented.  On 
this  material,  his  classification  of  three  families,  AtlantoaauridOt 
Moroaaurida,  and  DiplodocidiS,  has  been  based.  The  Pleuroccelida, 
also,  appear  to  be  distinct,  but  the  remains  at  present  known  are 
less  numerous  and  characteristic  than  those  pertaining  to  the  other 
divisions  of  this  group. 

In  examining  the  European  Sauropoda  with  some  care,  the  author 
was  soon  impressed  by  three  prominent  features  in  the  specimens 
investigated : — 

1.  The  apparent  absence  of  any  characteristic  remains  of  the 
Atlanioaaurida,  which  embrace  the  most  gigantic  of  American  forms. 

^  Abstract  of  a  paper  read  before  Section  C,  of  the  British  Association  for  the 
Advancement  of  Science,  at  the  Bath  Meeting,  ^pV.  %^^,\%%%. 
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2.  The  ooraparatiye  abundance  of  another  family  (CetiosauridcB), 
nearly  allied  to  the  Moroaauridaf  but,  as  a  rule,  less  specialized. 

3.  The  absence,  apparently,  of  all  remains  of  the  Diplodocida, 

A  namber  of  isolated  teeth  and  a  few  vertebrae  of  one  immature 
individual  appeared  to  be  closely  related  to  Fleuroeoelida,  but  this, 
for  the  present,  must  be  left  in  doubt. 

Among  the  American  forms  of  Sauropoda,  the  skull  is  now  com- 
paratively well  known  in  the  principal  families  and  genera.  Bronto* 
4aums,  MoroBaums,  and  Diplodoeua,  typical  of  their  respective 
families,  are  each  represented  by  several  skulls,  some  of  which  are 
nearly  complete,  and  characteristic  portions  are  known  of  the  skulls 
of  other  genera. 

The  vertebne,  also,  and  especially  the  pelvic  arch,  afford  distinc* 
dve  characters.  By  the  latter  alone,  the  Atlantosaurida  and  Mora- 
gauridm  may  be  readily  distinguished.  In  the  absence  of  the  skull, 
this  is  a  point  of  importance  in  a  comparison  of  European  with 
American  forms. 

In  the  Adaniosaurida,  the  ischia  are  nearly  straight,  and  when  in 
position,  extend  downward  and  inward,  meeting  on  the  median  line 
by  a  symphysis  of  the  two  ends,  as  in  Crocodiles.  In  the  Moro* 
iaurida,  the  ischia  are  twisted,  and  extend  inward  and  backward, 
with  the  inner  margins  alone  meeting  each  other  on  the  median  line, 
the  ends  being  free.^ 

All  the  ischia  of  Sauropoda  known  from  Europe  appear  to  be  of 
the  latter  type,  although  proportionally  broader  and  more  massive 
than  those  of  the  corresponding  American  forms.  The  ilia  and  pubes 
associated  with  these  ischia  agree  in  their  main  features  with  those 
of  the  American  genus  Moroaaurus,  so  that  there  can  be  little  doubt 
that  the  same  general  form  is  represented  in  both  countries. 

A  striking  difference  between  the  Cetioaaurida  and  the  allied 
American  forms  is  that,  in  the  former,  the  fore  and  hind  limbs  appear 
to  be  more  nearly  of  the  same  length,  indicating  a  more  primitive 
or  generalized  type.  Nearly  all  the  American  Sauropoda,  indeed, 
show  a  higher  degree  of  specialization  than  those  of  Europe,  both  in 
this  feature  and  in  some  other  respects. 

The  identity  of  any  of  the  generic  forms  of  European  Sauropoda 
with  those  of  America  is  at  present  doubtful.  In  one  or  two 
instances,  it  is  impossible,  from  the  remains  now  known,  to  separate 
closely  allied  forms  from  the  two  countries.  Portions  of  one  animal 
from  the  Wealden,  referred  by  Mantell  to  Felorosaurua  under  the 
name  of  P.  BeeMeni?  are  certainly  very  similar  to  some  of  the 
smaller  forms  of  Morosaurtia,  especially  in  the  proportions  of  the 
fore  limbs  which  are  unusually  short.  This  fact  would  distinguish 
them  at  once  from  Peloroiaurus,  and  until  the  skull  and  more  of  the 
skeleton  are  known  they  cannot  be  separated  from  Morosaurus,  and 
should  be  known  as  Morosaurus  Beckhm,  During  the  examination 
of  this  specimen,  which  is  in  the  collection  of  its  discoverer,  Mr. 
S.  H.  Beckles,  of  St.  Leonards,  England,  the  author  found,  attached 

*  Diajrrama  showing  typical  ischia  in  these  families  and  in  the  Cetioaaurida  were 
exhibited  by  the  anthor  when  the  paper  was  read. 
'  MorriB'M  Catalogue  of  British  Fossils,  p.  361, 1854. 
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to  the  hnmeras,  poriioDS  of  the  osseoas  dermal  ooTering,  the  first 
detected  in  the  Sauropoda^  and  known  only  in  the  present  specimen. 

A  dozen  or  more  generic  names  have  been  proposed  for  the 
European  forms  of  8auropoda,  and  of  these  Ceiiosawrus,  Owen, 
1841,  is  the  earliest,  and  mast  be  retained.  The  remains  on  which 
this  genus  was  based  are  from  the  Great  Oolite,  or  Lower  Jurassia 
Cardiodon,  Owen,  1845,^  is  from  nearly  the  same  horizon,  and  there 
appears  no  evidence  that  the  two  forms  are  not  identioal.  Pdouh 
satirtM,  Man  tell,  1850,  is  from  the  Wealden,  and  may  be  distinct, 
but,  at  present,  the  proof  is  wanting.  OploBawrusy  Oervais,  1852, 
also  from  the  Wealden  of  England,  cannot  well  be  separated  from 
PeloroBaurua,  OigantosauruB,  Seeley,  1869,  from  the  Eimmeridge 
of  the  Upper  Jurassic,  may  prove  to  be  different  from  the  above, 
but  the  type  specimens  alone  do  not  indicate  it  JBoihriospondyluSf 
Owen,  1875,  is  also  from  the  Eimmeridge,  and,  although  the  type 
specimen  pertains  to  a  very  young,  if  not  foetal  individual,  it  seems 
to  be  distinct,  and  may  be  nearly  allied  to  the  American  genus 
Pleuroecelus,  The  author  failed  to  find  conclusive  evidenoe  in  the 
type  specimens  themselves  for  the  use  of  the  other  generic  names 
proposed,  namely :  Omithopsisy  Seeley,  1870,  from  the  Wealden ; 
JSueamerotuSf  Hulke,  1872,  YfeMen;.  Ischyrosaurtu  (preoccupied), 
Hulke,  1874,  Kimmeridge;  and  Chondrosteosaurus,  Owen,  1876, 
Wealden. 

JEpyosawruB,  Gervais,  1852 ;  Macrurosaunu,  Seeley,  1876 ;  and 
DinodocHs,  Owen,  1884,  all  represent  forms  from  the  Cretaceous, 
but  their  relations  to  each  other  cannot  yet  be  determined. 

Discoveries  of  more  nearly  perfect  specimens  may  establish  the 
fact  that  the  forms  in  the  different  geological  horizons  are  distinct, 
but  so  long  as  the  known  remains  are  so  isolated  and  fragmentary, 
this  point  must  be  left  in  doubt. 

The  European  Sauropoda  at  present  known  are  from  deposits 
more  recent  than  the  Lias,  and  none  have  been  found  above  the 
Upper  Greensand.  In  America,  this  group  apparently  has  repre- 
sentatives  in  the  Trias,  was  very  abundant  in  the  Jurassic,  but,  so 
far  as  now  known,  did  not  extend  into  the  Cretaceous. 

Stegosauria. 

Another  group  of  Dinosaurian  reptiles,  which  the  author  has 
called  the  Stegosauria,  from  the  typical  American  genus  Stego- 
saurus,  is  well  represented  in  European  deposits.  The  remains 
already  discovered  are  more  numerous,  and  in  better  preservation, 
than  those  of  the  Sauropoda,  and  the  number  of  distinct  generic  forms 
is  much  larger.  The  geological  range,  also,  is  greater,  the  oldest 
forms  known  being  from  the  Lias,  and  the  latest  from  the  Cretaceous. 

These  reptiles,  although  very  large,  were  less  gigantic  in  size 
than  the  Sauropoda,  and  were  widely  different  from  them  in  their 
most  important  features.  Their  nearest  allies  were  the  Omithopoda, 
to  which  they  were  closely  related. 

^  Cardiodon  dates  from  1841  and  Cetiotaurut  also  from  1841.     See  Introdaction, 
Part  2,  p.  X,  of  Catalogue  Fossil  Beptilia,  by  B.  Lydekker  (May,  1889J.— Edit. 
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All  the  known  members  of  tbe  group  appear  to  have  had  an 
oaeeons  dermal  armour,  more  or  leas  complete. 

One  of  the  best  preserved  specimens  of  the  Stegosauria  in  Europe 
was  described  by  Owen,  in  1875,  as  Omosaurus  armatuSt  and  the 
type  specimen  is  in  the  British  Museum.  It  is  from  the  Eim- 
meridge  Clay  (Upper  Jurassic),  of  Swindon,  England.  The  skull 
is  wanting,  but  the  more  important  parts  of  the  skeleton  are 
preserved.  Various  portions  of  the  skeleton  of  several  other 
mdividuals  have  also  been  found  in  England,  but  the  skull  and 
teeth  still  remain  unknown. 

A  recent  examination  of  these  specimens  by  the  author  disclosed 
DO  characters  of  sufficient  importance  to  separate  them  from  the 
genus  Stegoaaurus,  and,  as  the  name  Omosaurus  is  preoccupied,  they 
should,  for  the  present,  at  least,  be  referred  to  Stegoaaurus,  The 
discovery  of  the  skull  and  the  dermal  armour  may  not  unlikely 
prove  them  to  be  distinct,  but  the  parts  now  available  for  comparison 
do  not  alone  authorize  their  separation. 

The  type  specimen  of  Anihodon  aerrarius,  Owen,  a  fragment  of 
a  jaw  from  South  Africa,  and  now  in  the  British  Museum,  has  teeth 
80  very  similar  to  the  American  forms  of  Stegosaurus,  that,  judging 
from  these  alone,  it  would  naturally  be  referred  to  that  genus. 
SylcBosaurus,  Man  tell,  from  the  Weald  en,  has  teeth  of  the  same 
general  type,  but  most  of  those  referred  to  it,  by  Man  tell  and  others, 
pertain  to  the  Sauropoda.  This  genus,  as  well  as  Folaeanthusy  Hulke, 
from  the  same  formation,  AcanlhopholtB,  Huxley,  from  the  Cretaceous, 
and  ScelidosaunUf  Owen,  from  the  Lias,  are  known  from  English 
specimens,  but  have  not  yet  been  found  on  the  Continent  No 
American  forms  of  these  genera  have  yet  been  discovered. 

An  interesting  Cretaceous  member  of  this  group  is  tbe  Struthio' 
aaurus,  Bunzel,  1871,  apparently  identical  with  Danubiosaurus  of 
the  same  author,  1871,  and  Crataomus,  Seeley,  1881.  It  is  from 
the  Oosau  formation  of  Austria.  Although  only  fragments  of  the 
skeleton  and  dermal  armour  are  known,  some  of  these  are  very 
characteristia  One  specimen  of  the  latter,  figured  by  Seeley,  and 
regarded  as  a  dermal  plate,  bearing  a  horn-like  spine  *'  exactly  like 
the  horn-core  of  an  ox,"  ^  is  very  similar  in  form  to  some  proble- 
matical fossils  from  America,  the  exact  horizon  of  which  is  in 
doubt.' 

PalaosdneuB,  Leidy,  1856,  from  the  Cretaceous,  and  Friconodon  of 
the  author,  1888,  from  the  Potomac  formation,  are,  perhaps,  allied 
forms  of  the  Stegosauria,  but,  until  additional  remains  are  found, 
their  exact  affinities  cannot  be  determined.  ^  Apparently,  the  oldest 
known  member  of  this  group  in  America  is  the  Dystrophaus^  Cope, 
1877,  from  the  Trias  of  Arizona.     In  Europe,  none  have  yet  been 

^  Qaart.  Journ.  Geol.  Soc.  of  London,  toI.  xxxyii.  pi.  xxviii.  fig.  4,  1881. 

*  Additional  remains  secnred  during  the  past  season  proTe  conclusiyely  that  some 
of  these  '*  horn-cores,*'  if  not  all,  were  attached  to  the  skull  in  pairs,  and  one 
specimen  found  in  nlace  has  since  heen  described  by  the  author  as  Ceratops  monUnut 
fSiUiman's  Journal,  toI.  j.%rn.  p.  477,  December,  1888).  It  is  from  the  Laramie 
lonnation  of  Montana.  Others  have  been  found  in  Colorado  and  in  Wyoming. 
These  are  all  much  \3aget  than  the  European  specimens. 
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found  below  the  Jurassia  The  EusJceJesaurtu  of  Hnxley,  1867,  from 
the  Trias  of  South  Africa,  is  apparently  a  member  of  this  group. 

Ornithopoda. 

The  great  group  which  the  author  has  called  the  Ornithopoda  is 
well  represented  in  Europe  by  Iguanodanand  its  allies.  The  remark- 
able discoveries  in  the  WesJden  of  Belgium,  of  a  score  or  more 
skeletons  of  IguanodoUy  have  furnished  material  for  an  accurate  study 
of  the  genus  which  they  represent,  and,  indirectly,  of  the  family. 
The  genus  Iguanodon,  founded  by  Mantell  in  1824,  is  now  the 
best  known  of  European  forms,  and  need  not  here  be  discussed. 
Hypsilophodonf  Huxley,  1870,  from  the  Wealden,  is  likewise  well 
represented,  and  its  most  important  characters  fully  determined. 
The  other  genera  of  this  group,  among  which  are  Moehlodon,  Bunzel, 
1871,  VecUsaurus,  Hulke,  1879,  OrthomertUy  Seeley,  1888,  and  Spheno^ 
apondylua,  Seeley,  1883,  are  described  from  less  perfect  material,  and 
further  discoveries  must  decide  their  distinctive  characters. 

Mone  of  these  genera  are  known  from  America,  but  allied  forms 
are  not  wanting.  A  distinct  family,  the  Hadrosaurida,  is  especially 
abundant  in  the  Cretaceous,  and  another,  the  Camptoaaurtdat  includes 
most  of  the  Jurassic  species.  The  latter  are  the  American  repre- 
sentatives of  the  Iguanodontida.  The  nearest  allied  genera  are, 
apparently,  Iguanodon  and  Camptoaaurua  for  the  larger  forms,  and 
Eypailophodon  and  Laoaaurua  for  those  of  small  size.  A  few  isolated 
teeth  from  each  country  suggest  that  more  nearly  related  forms  may 
at  any  time  be  brought  to  light. 

Mauy  generic  names  have  been  proposed  for  members  of  this 
group  found  in  America  and  in  Europe,  but,  in  most  cases,  they  are 
based  on  fragmentary,  detached  specimens,  which  must  await  future 
discoveries  before  they  can  be  assigned  to  their  true  place  in  the 
order. 

As  a  whole,  the  European  Ornithopoda  now  known  seem  to  be 
less  specialized  than  those  of  America,  but  additional  discoveries 
may  modify  this  opinion.  The  geological  range  of  this  group,  so  far 
as  known,  is  essentially  the  same  on  each  continent^  being  confined 
to  the  Jurassic  and  Cretaceous.  There  is  some  evidence,  from  foot- 
prints, at  least,  that,  in  America,  the  order  was  represented  in  the 
Trias. 

Thebopoda. 

The  carnivorous  Dinoaaurta  have  all  been  included,  by  the  author, 
in  one  order,  Theropoda,  although  there  are  two  or  thi*ee  suborders 
quite  distinct  from  eacb  other.  This  great  group  is  well  represented 
both  in  Europe  and  America  in  the  Trias,  is  especially  abundant  in 
the  Jurassic,  and  diminishes  in  the  Cretaceous,  at  the  close  of  which, 
it  apparently  becomes  extinct. 

The  typical  genus  is  Megaloaaurtia,  Buckland,  1824,  the  type  of 
which  was  the  first  Dinosaurian  reptile  described.  Although  its 
remains  are  comparatively  abundant  in  Europe,  they  have  been 
found  only  in  a  fragmentary  condition,  and  many  important  points 
in  the  structure  of  the  skull  and  skeleton  are  still  in  doubt. 
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The  oldest  representativefl  of  this  group  in  Europe  are  Thecodonto- 
$aurH8,  Riley  and  Stutohbnry,  1836,  and  Plateosaurua,  yon  Meyer, 
1837,  both  from  the  Trias.  The  former  genus  is  from  the  lower 
horizon,  near  Bristol,  England;  the  latter,  from  the  Eeuper  of 
Germany.  Zanclodon,  Plieninger,  1846,  is  from  the  same  horizon  as 
JHateoBauruBf  and  appears  to  be  the  same  thing.  Massospondylus, 
Owen,  1854,  from  the  Trias  of  South  Africa,  is  apparently  a  form 
allied  to  Thecodontosaurua,  The  nearest  American  genus  is  Anchi' 
Muruf ,  two  species  of  which  are  known  from  the  Connecticut  River 
sandstone. 

The  most  interesting  member  of  the  Theropoda  known  in  Europe 
is  the  diminutive  specimen  described  by  Wagner,  in  1861,  as 
Compsognathua  longipes.  The  type  specimen,  the  only  one  known, 
is  from  the  lithographic  slates  of  Solenhofen,  Bavaria,  and  is  now 
preserved  in  the  Museum  in  Munich.  Fortunately,  the  skull  and 
nearly  all  the  skeleton  are  preserved,  and  as  it  has  been  studied  by 
many  anatomists,  its  more  important  characters  have  been  made  out. 
It  is  regarded  as  representing  a  distinct  suborder,  and  no  nearly 
related  forms  are  known  in  Europe.  Its  nearest  ally  is  probably  the 
Bpecimen  from  Colorado,  described  by  the  author,  in  1881,  as  Hallo- 
pu8  victor.  This  animal  was  about  the  same  size  as  CompaogntUhus, 
and  resembles  it  in  some  important  features.  It  is  probably  from 
nearly  the  same  geological  horizon,  but  may  be  somewhat  older. 
Each  of  these  specimens  appears  to  be  unique,  and  until  a  careful 
comparison  of  the  two  is  made,  their  relations  to  each  other  can  only 
be  conjectured. 

The  American  representative  of  Megalosauriia  is  apparently  Alio- 
$awru8,  a  genus  established  by  the  author,  in  1877.  The  type 
specimen  is  from  Colorado,  from  a  higher  horizon  in  the  Jurassic 
tlian  that  of  Megaloaaurua.  Nearly  every  part  of  the  skeleton  of 
this  genus  is  now  known,  and  the  more  important  portions  have 
been  described  and  figured  by  the  author.  Creo8auru$y  also  from 
the  Jurassic,  is  an  allied  form,  and  Dryptosaurua,  from  the  Cretaceous, 
is,  perhaps,  also  closely  related.  Avery  distinct  form  in  the  Jurassic 
is  Lahroaaurua,  described  by  the  author,  in  1879.  It  is  known  from 
detached  specimens  only,  but  these,  especially  the  jaws,  edentulous 
in  front,  show  it  to  represent  a  distinct  family. 

The  most  perfectly  known  of  American  Theropoda^  and  by  far  the 
most  interesting,  is  the  genus  Ceratoaaurua,  founded  by  the  author, 
in  1884.  This  is  the  representative  of  a  very  peculiar  family,  which 
di£fers  in  some  important  respects  from  all  other  known  Dinosaurs. 
The  skull  and  nearly  all  the  various  parts  of  the  skeleton  are  known. 
When  found,  they  were  entire,  and  in  the  position  in  which  the 
animal  died.  The  skull  and  some  of  the  more  interesting  parts  of 
the  skeleton  have  been  figured  by  the  author,  and  all  will  soon  be 
fully  described. 

The  skull  bears  a  large  elevated  horn-core  on  the  median  line  of 
the  nasals.  The  cervical  vertebrso  dififer  in  type  from  those  of  any 
other  known  reptiles,  having  the  centra  plano-aincave.  All  behind 
the  axis  have  the  anterior  end  of  each  centrum  perfectly  €L^l^  nvViW^ 
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the  posterior  end  ie  deeply  cupped.  This  genas,  moreover,  differs 
from  all  known  Dinosaurs  in  having  the  elements  of  the  pelvis 
(ilium,  pubis,  and  ischium)  coossified,  as  in  all  existing  birds.  The 
metatarsals,  also,  are  firmly  united,  as  in  birds.  No  representatives 
of  the  CeratosauridcB  are  known  in  Europe. 

In  oonclusion,  it  may  safely  be  said  that  the  four  great  groups  of 
DinoBauria  are  each  well  represented  both  in  Europe  and  America. 
Some  of  the  families,  also,  of  each  order  have  representatives  in  the 
two  regions,  and  future  discoveries  will  doubtless  prove  that  oUiers 
occur  in  both. 

No  genera  oommon  to  the  two  continents  are  known  with 
certainty,  although  a  few  are  so  closely  allied,  that  they  cannot  be 
distinguished  fn)m  each  other  by  the  fragmentary  specimens  that 
now  represent  them.  It  must  be  remembered  that  the  great  majority 
of  genera  have  been  named  from  portions  of  skeletons,  of  which 
the  skull  was  unknown,  and  until  the  latter  is  found,  and  definitely 
associated  with  the  remains  described,  the  characters  and  afSnities 
of  the  genus  can  be  only  a  matter  of  conjecture,  more  or  less  definite, 
in  proportion  to  the  perfection  of  the  type  specimens. 

From  Asia  and  Africa,  also,  a  few  remains  of  Dinosaurs  have 
been  described,  and  the  latter  continent  promises  to  yield  many 
interesting  forms.  Characteristic  specimens,  representing  two  genera, 
one  apparently  belonging  to  the  Stegosauria,  and  one  to  the  Thero* 
podttf  are  already  known  from  South  Africa,  from  the  region  so 
rich  in  other  extinct  Keptilia. 

From  Australia,  no  Dinosauria  have  as  yet  been  recorded,  but 
they  will  undoubtedly  be  found  there,  as  this  great  group  of  Eeptiles 
were  the  dominant  land  animals  of  the  earth,  during  all  Mesozoic 
time. 

V. — Second  Note  on  Stenotheca. 
By  G.  F.  Matthew,  M.A.,  F.R.S.,  Canada. 

SOME  three  years  ago  the  writer  communicated  to  this  Magazine 
a  ^*  Note  on  the  (^nus  Stenotheca  "  of  Hicks,^  stating  that  from 
the  appearance  of  the  species,  which  on  this  (western)  side  of  the 
Atlantic  had  been  referred  to  it,  it  did  not  seem  to  belong  to  the 
Pteropoda,  but  more  probably  to  the  Gasteropoda.  I  also  stated  that 
there  were  two  distinct  types  of  shells  which  had  been  referred  to 
Stenotheca,  one  of  which  by  its  internal  muscular  scar  and  position 
of  the  umbo  might  be  compared  to  Parmophorua,  etc. ;  while  the 
other,  represented  by  a  number  of  minute  species,  appeared  to 
correspond  to  the  original  Stenotheca  of  Dr.  Hicks. 

Collections  of  these  smaller  fossils,  made  subsequently  to  1885, 
led  the  writer  to  think  that  they  were  the  shells  of  Crustaceans,  and 
he  applied  to  Dr.  Hicks  for  an  authentic  example  of  his  Stenotheca ; 
this  Dr.  Hicks  kindly  sent,  and  the  example  proved  to  be  congeneric 
with  the  smaller  shells  of  the  St.  John  Group  which  had  been 
referred  to  Stenotheca,  and  which  had  been  found  to  be  those  of 
Crustaceans. 

^  See  Gbol.  Maq.  Decade  III.  Vol.  II.  1885,  p.  425. 


Bobert  Chahners — Olaciation  of  E,  Canada.  211 

But  the  larger  sbells,  which  by  Billings,  Walcott,  and  the  writer 
have  been  referred  to  Stenotheea,  are  Gasteropoda  allied  to  Metoptoma. 
They  are  not,  however,  of  this  genus,  whioh  has  been  described  as 
having  a  trancated  apex,  whereas  the  beak  of  the  Cambrian  shells 
is  arched  and  acuminate  at  the  apex. 

The  minute  shells,  of  which  S,  concentrica  is  the  type,  and  which 
alone  are  properly  of  the  genus  Stenotheca,  show,  when  magnified, 
a  chasing  of  waving  or  chevron  lines  visible  both  on  the  outside  and 
inside  of  the  crust,  and  these  lines  are  much  more  distinct  on  the  inside. 
There  is  no  suture  along  the  back,  the  folded  carapace  having  been 
irregularly  cracked  where  the  sides  have  been  crushed  together  in 
the  shale.  No  nuchal  piece  has  been  observed,  so  it  appears  to  have 
had  a  minute  carapace  of  one  piece  only.  These  fossils  are  not 
very  plentiful,  but  oooasionally  they  are  found  in  considerable  numbers 
on  layers  of  the  fine  dark  shales  which  are  equivalent  to  the  Menevian 
shales  of  St  David's  in  Wales. 

St.  John,  N.B.,  Canada. 


VI. — Qlaoiation  of  Eastern  Canada. 

By  BoBSRT  Chalmers,  Esq., 
Of  the  Canadian  Greolngical  Surrej. 

A  PAPER  on  the  Glaciation  of  Eastern  Canada  by  the  writer 
will  shortly  appear  in  the  Canadian  Record  of  Science, 
MontreaL  It  is  intended  to  be  a  condensed  statement  of  the 
principal  facts  hitherto  collected  on  this  interesting  subject,  with 
references  to  the  reports  and  publications  in  which  details  are  given. 
The  following  is  an  abstract  whioh  I  send  to  the  Geological 
Magazine  in  advance.  The  subject  is  regarded  as  an  important 
one,  and  has  occupied  the  attention  of  geologists  for  many  years,  as 
Eastern  Canada  is  the  battle  ground,  so  to  speak,  of  the  advocates 
of  the  rival  theories  of  continental  glaciation  and  floating  ice.  The 
results  thus  far  obtained  from  a  somewhat  careful  study  of  its 
glacial  phenomena,  however,  point  to  conclusions  which  are  at 
variance  with  those  held  by  extreme  glacialists,  and  show  that  the 
theory  of  local  glaciers  upon  the  more  elevated  portions  of  the 
country  and  icebergs  or  floating  ice  striating  the  lower  coastal  areas 
during  the  Post-Tertiary  submergence  of  these,  as  maintained  by 
Sir  William  Dawson,  will  serve  to  explain  all  the  observed 
phenomena.  The  term  '  local  glacier '  I  define  as  an  ice-sheet 
limited  in  extent,  that  is,  confined  to  one  valley  or  hydrographic 
basin,  whether  large  or  small,  and  influenced  in  its  movements  by 
local  topographic  features,  such  as  mountains,  water-sheds,  hills,  or 
the  valleys  of  the  larger  rivers.  The  data  have  been  collected 
chiefly  by  the  staff  of  the  Geological  Survey ;  but  Sir  William 
Dawson,  who  has  long  studied  this  region,  and  others  have  done 
much  valuable  work  in  glacial  geology  here. 

In  reference  to  the  origin  and  movements  of  local  glaciers,  it  may 
he  stated,  that  the  main  facts  pertaining  to  each  centre  of  dispersion, 
when  correlated,  show  that  these  glaciers  were  mdQi^Qii^Qii\.\^^v^^ 
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which  had  large  gathering  grounds  upon  the  higher  parts  of  the 
oountry  where  snow  fields  and  ti^^-ice  must  have  existed.  Whenever 
motion  began  this  snow  or  neo^-ioe  became  converted  into  glaoier-ice. 
Upon  areas  where  they  never  underwent  change  into  ice  no  atriation 
of  the  rocks  took  place.  In  their  movements  the  glaciers,  generally 
speaking,  followed  the  slopes  of  the  land  or  the  present  drainage 
channels.  Some  of  them  seem  to  have  been  quite  large,  and  those 
from  adjacent  drainage  areas  may  have  ooalesoed  on  the  lower 
grounds  and  become  confluent.  At  all  events,  the  slopes  and 
coastal  tracts  are  usually  more  glaciated  than  the  interior  and 
higher  grounds. 

In  Nova  Scotia  there  was  a  shedding  of  ioe  from  the  Cobequid 
Mountains  northward  and  southward,  and  the  South  Mountain 
appears  also  to  have  sent  glaciers  down  its  slopes,  on  either  side. 
Sir  William  Dawson,  Dr.  Honeyman,  Mr.  H.  Fletcher,  Dr.  R  W. 
Ells,  and  others  have  made  numerous  observations  showing  many 
divergent  courses  of  strisd,  which  are  explicable  only  on  the  theory 
of  local  glaciers  and  icebergs. 

The  main  water-shed  of  New  Brunswick,  which  traverses  the 
province  from  north-west  to  south-east,  sent  oflf  glaciers  in  nearly 
opposite  directions,  or  north-eastward  towards  the  Bale  des  Chaleurs 
and  Gulf  of  St.  Lawrence  on  the  northern  slope,  and  south-east- 
ward towards  the  Bay  of  Fundy  on  the  southern  slope.  This  is 
abundantly  proved  by  data  collected  by  the  writer  and  others.* 

Considerable  areas  in  the  interior  of  this  province,  where  centres 
of  dispersion  for  local  glaciers  existed,  are  unglaciated,  no  ice-action 
whatever  nor  Boulder-clay  being  seen,  and  the  loose  materials 
consisting  largely  of  rock  debris  in  situ.  These  were  probably  snow- 
fields  and  gathering  grounds  for  the  ice  during  the  Glacial  period. 
The  glaciers  on  the  southern  slope  appear  to  have  been  much  larger 
than  on  the  northern.  But  even  upon  the  former  they  had  numerous 
local  and  divergent  movements,  as  the  evidence  shows. 

The  Shickshock  or  Notre  Dame  Mountains  in  South-Eastem 
Quebec  and  their  continuation  south-westward  had  also  large 
gathering  grounds  for  snow  and  ice  on  their  summits  and  shed 
glaciers  south-eastward  into  the  Baie  des  Chaleurs  and  the  valleys  of 
the  Restigoucbe  and  St.  John  rivers,  and  north-westward  into  the 
St  Lawrence  valley,  the  estuarine  portion  of  which  must  then 
have  been  open  to  receive  them.*  The  valleys  of  tributary  rivers 
and  the  subordinate  ridges  and  hills  caused,  however,  many  local 
deflections  in  the  ice-currents. 

The  glacial  phenomena  of  the  Archaean  area  north  of  the  St. 
Lawrence  and  great  lakes  have  also  been  investigated  to  some 
extent  The  general  parallelism  of  the  Laurentian  slope,  north  of 
the  St  Lawrence,  to  that  of  the  Notre  Dame  Range,  caused  the  stri» 
observed  on  it  to  have  nearly  the  same  course  as  those  on  both 
slopes  of  the  latter,  the  ice  flowing  down  the  slopes  at  about  right 

^  Annual  Report,  Geol.  Surv.  Canada,  1885,  vol.  i.  part  6G. 
'  Annual  Report,  Geol.  Surv.  Canada,  1886,  parts  I.  and  M. 
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angles  to  the  main  axes  of  the  mountains.'  This  fact  has  heen  made 
me  of  to  support  the  theory  of  a  massive  ice-sheet  moving  from  the 
Lanrentides  across  the  St  Lawrence  valley  over  the  summits  of  the 
Appalachians  and  down  the  New  England  slope  to  the  Atlantia 
Bat  as  will  be  seen  the  evidence  at  hand  does  not  support  this  view. 
The  Arcbsean  area  has,  however,  sent  sheets  of  ice  down  its  slopes 
in  all  directions  around  its  circumference.  In  the  central  part,  on 
the  east  side  of  Hudson  Bay,  they  moved  directly  westward  into  its 
hasin.  In  Hudson  Strait,  according  to  Bell,  the  ice  had  a  north- 
eastward and  eastward  flow.  Whether  the  whole  Archaean  area  was 
covered  by  glaciers  flowing  outwardly  from  the  centre  towards  the 
circumference,  or  with  snow  fields  forming  the  n4v4  of  local  glaciers, 
as  seems  more  probable,  is  a  question  to  be  decided  by  future  investi- 
gation. Areas  of  unglaciated  rock  surface,  doubtless,  occur  there  as 
well  as  upon  other  elevated  portions  of  Eastern  Canada  where 
decomposed  rock  lies  undisturbed  except  from  subaerial  action. 

The  extent  and  thickness  of  the  glaciers  cannot  as  yet  be  satis- 
factorily determined;  but  they  seem  to  have  been  largest  on  the 
southern  slopes  of  the  Appalachians  and  Laurentides.  The  cause 
of  this  is  not  evident;  but  as  regards  those  of  the  first-mentioned 
mountains,  which  are  in  a  part  of  the  country  with  which  the  writer 
is  most  familiar,  it  may  be  owing  in  some  measure  at  least  to  the 
difference  in  the  steepness  of  the  slopes  on  either  side  of  it.  The 
south-east  slope  is  long,  much  broken,  and  has  numerous  compara- 
tively level  areas  upon  it.  As  the  rate  of  motion  would  be  slower 
on  this  slope,  the  ice  would  necessarily  accumulate  in  larger  sheets 
in  depressions  and  on  the  level  tracts.  On  the  shorter  and  steeper 
slope  of  the  St  Lawrence  the  motion  of  the  ice  would  be  more 
rapid,  and  it  would  more  readily  debouch  into  the  estuary  or  sea. 

Evidences  of  the  action  of  icebergs  or  floating  ice  are  found  in 
the  St  Lawrence  valley  and  on  the  Baie  des  Chaleurs  coast,  also 
in  a  number  of  other  places  around  the  shores  of  the  Gulf  of  St. 
Lawrence.  So  far  as  the  writer  has  observed,  they  are  met  with  only 
on  ledges  below  the  200  to  350  feet  contour-line  above  sea-level. 
Floating  ice  seems  to  have  played  an  important  part  in  transporting 
boulders  over  the  submerged  areas. 

The  views  here  briefly  outlined  will  doubtless  undergo  some 
modifioation,  as  this  region,  especially  when  that  part  of  it  known  as 
the  great  Archsdan  area,  comes  to  be  studied  in  greater  detail.  I 
think,  however,  the  main  conclusions  herein  advanced  will  stand. 

Newfoundland,  although  not  forming  part  of  Canada,  is  geo- 
graphically connected  wiUi  it,  and  its  glacial  phenomena  may  there- 
fore be  referred  to  in  this  connection.  The  late  Alex.  MuiTay,  C.M.G., 
Director  of  the  Geological  Survey  for  many  years,  states  that  its 
surface  is  everywhere  glaciated.'    He  held  the  theory  of  a  continental 

1  Greology  of  Canada,  1863,  pp.  890-92 ;  Notes  on  the  Post- Pliocene  Geology 
of  Canada,  '  Canadian  Naturalist,  1872  ;  Annual  Report,  Geol.  Surv.  Canada,  1886, 
parts  I.  and  M. 

'  TransactionB  of  the  Boy.  See.  of  Canada,  1882,  sec.  iy.,  paper  on  the  Qlaciation 
of  Newfoundland. 
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ioe-sheet,  however;  but  his  facts  show  that  the  strisd  are  quite 
divergent,  following  depressions  and  valleys  in  different  directions. 
It  seems  piobable,  therefore,  that  here,  as  in  Eastern  Canada,  local 
glaciers  produce  the  chief  sfriation  observed,  as  pointed  out  by  the 
late  Captain  Kerr,  R.N.»  But  from  its  insular  position,  and  lying  as 
it  does  in  the  track  of  the  Arctic  currents,  the  coast  areas  must  have 
been  intensely  eroded  from  icebergs  and  floating  ice. 
Ottawa,  Canada. 

VIL — On  thb  Oooubbengb  of  Ottrblite  in  thb  Phtllitm  of 

North  Cornwall. 

By  W.  Matnabd  Hutchinos,  Esq. 

THE  mineral  ottrelite,  which  has  received  so  much  attention 
elsewhere,  especially  in  the  Ardennes,  and  which  is  of  con- 
siderable interest  in  connection  with  the  metamorphism  of  certain 
rocks,  has  not,  up  to  now,  ever  been  reported  as  occurring  anywhere 
in  Oreat  Britain. 

I  am  able  to  state  that  I  have  discovered  it  in  considerable  amount 
in  a  certain  roofing-slate  of  North  Cornwall. 

The  slate  in  question  is  one  of  a  series  of  specimens  of  the  phyllites 
of  the  district  collected  by  me  during  two  successive  summer  holi- 
days at  Tintagel.  This  series  includes  most  of  the  roofing-slates  of 
the  neighbouring  quarries,  together  with  many  other  slates  and 
slaty  rocks,  which,  while  closely  of  the  same  general  nature  as  the 
roofing-slates,  differ  from  them  in  not  having  sufficient  hardness 
and  fissility  to  render  them  fit  for  quarrying.  I  have  long  studied 
some  of  these  rocks  under  the  microscope,  and  latterly  have  been 
supplied,  by  the  kindness  of  Mr.  Teall,  with  material  from  the 
Ardennes  for  comparison,  as  well  as  with  the  principal  original 
literature  concerning  them  from  the  pens  of  Henard,  Kenard  and 
Yall^e-Poussin,  and  Gosselet.  Tlie  resemblance  in  many  essential 
points  between  some  of  the  Cornish  rocks  and  some  of  the  occur- 
rences described  by  these  petrologists,  is  very  interesting,  and  leads  | 
me  to  think  that  some  account  of  the  Cornish  ottrelite-slate  and  its 
neighbours  may  be  of  some  little  value. 

I  will  first  describe  somewhat  in  detail  the  slate  in  which  the 
ottrelite  occurs,  and  the  characteristics  here  shown  by  that  mineral 
and  by  which  it  was  identified.  Owing  to  the  close  general  resem- 
blance between  all  the  phyllitic  rocks  of  the  district,  it  will  after- 
wards be  a  very  simple  matter  to  point  out  the  few  details  of 
variation. 

The  ottrelite-slate  in  question  is  quarried  in  the  cliffs  near  to 
Tintagel  Church,  the  quarry  being  owned  and  worked  by  the 
Reverend  Prebendary  Kinsman,  Vicar  of  Tintagel,  to  whom  I  am 
much  indebted  for  the  trouble  he  has  kindly  taken  in  forwarding 
more  specimens,  and  in  giving  me  information  since  my  personal 
visit  to  the  place. 

1  Ihtd.  p.  68. 
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The  slate  is  of  a  greenish-grey  colour,  close  and  hard  in  texture, 
with  a  silky  lustre  rather  inclining  to  resinous  in  the  hest  kinds. 
Moderately  thin  flakes  of  it  are  translucent  on  the  edges.  It  splits 
easily  into  Tery  thin  sheets,  which  are  strong  and  sonorous;  and 
appears  to  be  a  really  first-class  roofing-material,  equal  in  every  way 
to  the  best  products  of  the  celebrated  quarries  at  Old  Delabole,  a  few 
miles  inland. 

It  is  fossiliferous,  apparently  as  much  so  as  the  Delabole  slate 
so  well  known  in  that  respect,  and  Mr.  Kinsman  informs  me  that 
the  fossils  from  the  two  localities  are  identical  in  nature. 

There  are  two  quarries  at  Tintagel  very  near  together,  but  it  is 
only  in  the  slates  from  the  "  New  Quarry,"  nearest  to  the  church,  that 
I  have  found  ottrelite. 

Macroscopically,  nothing  of  its  mineral ogical  composition  can  be 
made  out  except  that  it  is  more  or  less  speckled  over  with  pyrites, 
and  stained  here  and  there  with  ferric  oxide  due  to  the  oxidation  of 
that  mineral. 

When  very  thin  sections  of  it  are  examined  under  the  microscope, 
it  is  seen  that  the  main  constituent  is  sericitic  mica.  Bv  far  the 
greater  part  of  this  sericite  lies  flat  in  the  plane  of  cleavage  of  the 
slate,  the  flakes  overlapping  and  felted  together  to  an  aggregate 
which,  between  crossed  Nicols,  forms  a  dimly-polarizing,  blue-grey 
base  in  which  the  other  minerals  are  set.  A  great  many  flakes 
of  sericite,  however,  are  not  arranged  parallel  to  the  cleavage,  but 
lie  in  all  directions,  polarizing  in  brilliant  colours. 

The  two  other  principal  constituents  of  the  rock  are  ilmenite 
and  ottrelite  ; — it  might  be  best  described  as  being  a  sericite-ottrelite- 
ilmenite  phyllite. 

The  ottrelite  is  very  abundant.  It  occurs  entirely  as  quite 
irregular  and  indefinitely -bounded,  mostly  more  or  less  ragged  flakes, 
dispersed  pretty  uniformly  throughout  the  rock. 

The  arrangement  of  the  flakes  bears  no  definite  relationship  to  the 
plane  of  cleavage  of  the  slate ;  they  lie  flat  in  this  plane,  vertical  to 
it  and  at  every  intermediate  degree  of  inclination.  The  size  is  very 
variable,  but  as  a  whole  it  is  very  much  less  than  in  the  well-known 
rocks  of  Ottrez,  Serpent,  and  other  places  in  the  Ardennes.  The 
largest  flakes  are  usually  oblong  in  shape,  the  long  diameter  seldom 
exceeding  -gV  inch,  and  reaching  this  only  in  the  minority  of  cases. 
A  usual  average,  especially  in  the  more  rounded  forms,  is  close 
around  y^  inch ;  but  there  is  ample  evidence  that  the  mineral  has 
been  much  torn  and  broken  up  since  its  formatiun,  and  lesser  flakes 
exist  down  to  exceedingly  small  fragments.  The  thickness  is  as 
variable  as  the  other  dimensions.  It  does  not  exceed  rs^,ro  inch,  and 
most  of  the  flakes  are  very  much  less,  down  to  a^oVo  inch,  which 
seems  to  be  the  thickness  of  a  large  proportion  of  the  fairly  thin  ones 
measured. 

The  characteristic  secondary  cleavages,  intersecting  on  the  basal 
plane,  are  largely  developed,  though  in  many  flakes  they  are  con- 
siderably distorted,  and  are  also  frequently  much  masked  by  irregu- 
lar cracks  and  ruptures,  these  effects  being  due  to  iVie  ^Vte^%  \>da 
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miDeral  has  andergone  during  rook-movements.  These  cleavages 
are  best  studied  on  flakes  isolated  from  the  rock  and  separately 
mounted.  The  two  most  important  of  these  secondary  cleavages 
intersect  on  the  basal  plane  at  an  angle  of  120^  or  an  approxima- 
tion to  it  Many  measurements  give  that  angle  exactly,  while  many 
more  vary  but  little  from  it,  though  some  diverge  more  markedly. 
HoBenbuBoh  states  that  there  is  a  third  cleavage,  less  well  developed, 
bisecting  the  obtuse  angle  of  the  other  two.  Cracks  answering  to 
this  description  may  be  seen  in  some  flakes  of  the  Cornish  mineral, 
but  they  are  few  and  not  very  marked.  The  French  writers  speak 
of  a  cleavage  approximately  vertical  to  one  of  those  intersecting  at 
120^,  and  many  cracks  corresponding  to  this  may  also  be  seen  in 
the  mineral  now  under  consideration.  But  it  really  does  not  seem 
possible  to  say  that  either  is  really  a  definite  cleavage,  or  to  be  in 
any  way  certain  concerning  any  third  line  of  cleavage  observable  on 
the  basal  plane.  The  cleavage-cracks  are  nearly  all  quite  vertical  to 
the  basal  plane,  and  are  seen  on  the  lath-shaped  cross-sections  of  the 
flakes  as  lines  nearly  always  at  right  angles  to  the  lateral  boundaries, 
obliquity  being  rare  and  very  slight. 

Most  of  the  ottrelite  flakes  are  intergrown  with  crystals  of  white 
mica,  so  that  nearly  all  the  narrow  lath-shaped  sections  are  seen  to 
be  united  with  one,  or  usually  with  two,  flakes  of  the  mica,  one  on 
each  side,  the  individuals  lying  perfectly  parallel,  and  in  cases  where 
the  ottrelite  is  so  cut  that  it  extinguishes  parallel  to  its  length,  the 
whole  combination  extinguishes  together.  The  petrologists  who 
have  described  the  rocks  of  the  Ardennes  do  not  appear  to  have 
observed  a  similar  intergrowth  of  ottrelite  and  mica. 

Gosselet  considers  (Etudes  sur  TOrigine  de  TOttrelite,  Annales  de 
la  Soci^te  g6ologique  du  Nord,  tome  xv.  p.  85)  that  in  the  rocks 
he  studied  the  ottrelite  was  formed  at  a  time  after  the  phyllites  were 
already  fully  developed  as  such.  This  appears  to  be  equally  the 
case  in  these  Cornish  slates,  and  it  is  quite  evident  on  observation 
of  structure  and  arrangement,  that  the  white  mica  with  which  the 
ottrelite  is  intergrown  was  formed  at  the  same  time.  It  is  in  larger 
and  much  more  definitely -bounded  individuals  than  the  main  sericite 
of  the  rock.  There  are  also  crystals,  apparently  of  the  same  genera- 
tion, but  not  intergrown  with  ottrelite.  The  dimensions  of  some  of 
these  average  about  yio  inch  in  length  by  half  that  width,  in  sections 
vertical  to  the  base. 

This  intergrowth  with  mica  renders  much  of  the  optic  examination 
of  the  ottrelite  impossible  in  the  slate  direct.  By  pulverizing  some  of 
the  rock  moderately  fine,  a  number  of  the  thicker  flakes  may  easily  be 
detached  from  the  mica,  and  are  then  easily  separated  out  by  means 
of  a  Sonstadt  solution  of  sp.g.  of  about  8,  most  of  the  thinner  flakes 
remaining  suspended  attached  to  mica.  Material  so  separated  is 
suited  for  optic  examination,  and,  as  above  stated,  for  study  of  the 
cleavages,  much  of  it  being  in  sharply-bounded  cleavage-fragments. 

In  colour  the  Cornish  mineral  is  more  inclined  to  blue  than  the 
ottrelite   of  Ottrez.      Ilie  characteristic    pleochroism    is   strongly 
developed.     The  scheme  is  a=yellowi8h  green,  /3=blue,  7=pale 
greenisb  yellow. 
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Examined  between  crossed  Nicols  a  larga  proportion  of  the  lath- 
shaped  oross-seotioDs  are  seen  to  be  twinned,  but  this  twinning  does 
not  seem  to  be  as  pronounced  as  in  some  of  the  other  occurrences  of 
the  mineral,  there  being  mostly  only  two  lamellas  even  in  the 
thicker  bits,  and  many  flakes  being  quite  untwinned. 

Many  of  these  sections  extinguish  quite  parallel  to  their  length, 
bat  the  greater  number  show  an  angle,  which  reaches  as  high  as 
20  degrees  and  over  in  some  cases,  though  about  12  degrees  is  a 
more  usual  figure. 

The  examination  of  selected,  sufficiently  thick,  and  untwinned 
fragments  from  the  isolated  material  in  convergent  polarized  light 
shows  the  emergence  of  a  positive  bisectrix  on  the  principal 
deavage-faoe  of  the  mineral.  The  angle  of  optic  axes  is  rather 
large.  The  optic-axial  plain  bisects  the  obtuse  angle  formed  by  the 
two  best-developed  secondary  cleavages. 

As  usual,  the  ottrelite  is  rich  in  inclosures,  but  is  very  much  less 
crowded  than  in  most  other  occurrences.  The  principal  mineral 
inclosed  is  rutile,  in  perfectly  formed  crystals  for  the  most  part, 
many  being  twinned  both  as  "  knees  "  and  "  hearts."  The  largest 
crystals  measure  ttjVt  inch,  and  they  pass  from  this  into  the  merest 
specks  through  all  intermediate  sizes.  Other  included  matter  is 
very  small  in  amount,  and  mostly  quite  indeterminable  in  nature, 
with  the  exception  of  white  mica  which  is  frequent,  and  which  is  in 
many  cases  seen  to  occupy  cracks  and  seams  in  the  ottrelite.  Many 
bits  are  also  full  of  cavities  of  all  shapes  and  sizes. 

Gk>8selet  states  that  he  was  able  to  observe,  around  the  individuals 
of  ottrelite,  zones  which  were  very  much  less  rich  in  microlites  than 
the  rest  of  the  rock.  This  is  not  the  case  in  the  Tintagel  slate. 
The  whole  rock  is  very  rich  in  minute  rutile  crystals ;  but  though 
the  ottrelite  contains  them  in  far  greater  abundance  than  does  the 
sericite,  there  is  no  sign  that  it  has  impoverished  the  space  just 
around  it. 

No  quantitative  analysis  has  been  made  of  the  isolated  material, 
but  it  has  been  tested  as  to  its  resistance  to  acids,  and  has  been 
qualitatively  analyzed,  the  results  of  these  examinations  confirming 
the  optica]  and  other  evidence  that  the  mineral  is  ottrelite. 
Specimens  of  the  rock  have  been  submitted  to  authorities  in  this 
country  and  on  the  continent,  who  also  recognize  the  mineral  as 
ottrelite. 

No  doubt  it  will  be  found  in  other  similar  slates  when  search  is 
made,  as  well  as  at  Tintagel. 

The  ilmenite  of  this  rock  is  well  worthy  of  remark.  It  is 
present  in  considerable  amount  in  nearly  all  the  phyllites  examined, 
but  is  perhaps  more  abundant  in  this  ottrelite-slate  than  in  any 
other.  It  is  pretty  evenly  diffused  in  little  flakes  and  tablets. 
Some  of  it  is  in  the  form  of  the  thinnest  '<  micaceous  ilmenite," 
perfectly  transparent,  with  rich  brown  colour,  and  there  is  every 
gradation  of  thickness  and  translucency  up  to  tableta  which  are 
perfectly  opaque.  The  thinner  and  medium-thick  flakes  are  all 
more  or  less  ragged,  but  many  of  the  thicker  tablets  show  more 
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definite  boundaries,  and  indications  of  crystal  faces  at  the  edges. 
The  average  diameter  of  the  flakes  is  about  tW  inch,  and  the 
thickness  of  the  opaque  ones  ranges  between  i-i^^  and  ttAht  inch. 

Like  the  ottrelite,  the  ilmenite  lies  in  all  directions  with  re^vd 
to  the  cleavage  of  the  slate,  but  a  considerable  majority  of  the  flakes 
are  approximately  parallel  to  it 

A  large  part  of  this  ilmenite  is  reticulated,  in  ynatyxnf^  degree,  with 
sagenitic  rutile.  Among  the  thinner  transparent  flakes  all  degrees 
may  be  seen,  from  such  as  ^ow  a  wholly  unbroken  brown  colour, 
to  others  which  are  so  finely  meshed  with  delicate  interlacing  lines 
of  rutile,  that  only  a  high  power  suffices  to  display  the  structure ; 
and  there  are,  finally,  bits  of  sagenite  in  the  network  of  which  no 
trace  of  ilmenite  is  seen.  Thicker  plates  of  ilmenite  also  often  show 
a  development  of  sagenite,  while  many  show  only  a  line  here  and 
there.  Such  of  them  as  are  still  thin  enough  to  be  at  all  translucent 
frequently  show  indications,  in  strong  light  and  under  high  power, 
that  a  little  thinning  would  expose  complete  reticulations. 

R6nard  has  devoted  considerable  study  to  similar  occurrences  of 
ilmenite  in  rocks  of  the  Ardennes.  In  a  paper  published  in  1884 
(Recberches  sur  la  Composition  et  la  Structure  des  Pby liases 
Ardennais,  Bulletin  du  Musee  Royal  de  Thistoire  naturelle  de 
Belgique,  tome  iii.  pp.  231-268)  he  described  in  detail,  and  figures 
the  "  phyllade  a  ilmenite  des  Forges  de  la  Commune."  The 
occurrence  in  this  case  is  clearly  of  the  same  nature  as  in  the 
Cornish  slate,  this  being  borne  out  by  sections  of  the  Belgian  rock 
which  I  have  examined  ;  the  difference  being  that  in  the  latter  the 
flakes  are  a  good  deal  larger,  while  the  amount  present  is  very  much 
less,  as  is  also  the  proportion  of  it  which  is  transparent  or  in  which 
sagenite  is  developed.  R^nard  was  at  great  pains  to  isolate  some  of 
the  mineral  and  prove  chemically  that  it  is  ilmenite.  In  the  Cornish 
rock,  in  face  of  the  large  amount  of  transparent  brown  flakes,  such 
chemical  proof  would  scarcely  be  called  for ;  but  it  is  all  the  better 
that  Renard  carried  it  out,  inasmuch  as  it  does  not  seem  practicable 
to  isolate  the  much  smaller  flakes  and  tablets  of  the  Tintagel  slate. 

No  better  material  could  be  desired  than  these  North  Cornish 
phyllites  for  the  study  of  these  highly  interesting  microscopic 
sagenites  and  their  combinations  with  ilmenite ;  and  in  view  of  the 
large  amount  of  very  thin,  thoroughly  transparent  flakes  so  com- 
bined, 1  have  been  in  hopes  that  by  careful  study  of  them  some 
light  might  be  thrown  on  the  question  as  to  how  the  combinatiou 
ought  to  be  regarded  ;  whether  the  sagenite  is  a  secondary  product 
resulting  from  the  decomposition  of  the  ilmenite ;  whether  the  two 
have  been  originally  formed  together  as  now  seen  ;  or  whether,  in 
any  cases,  the  intervening  ilmenite  has  resulted  from  an  alteration 
of  the  rutile,  the  occurrence  of  alterations  of  rutile  into  ilmeuite 
having  been  demonstrated  by  V.  Lasaulx. 

The  first  of  these  alternatives  is  that  which  most  readily  suggests 
itself  on  first  examination  of  the  minerals;  and  it  might  seem  to 
derive  some  support  from  Cathrein's  observation  that  ilmenite  dis- 
solved in  acid   frequently   leaves  a  residue  of  extremely  minute 
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leB  of  mtile.  In  the  conne  of  an  inTestigation  of  the  ilmenite 
leuoozene  of  certain  schists  from  Wildschonau  in  the  Tyrol 
schrift  fur  Erystallographie  u.  Mineralogie,  Band  6,  pp.  244- 
he  found  that  ilmenite,  which  was  perfectly  homogeneous  and 
He  under  the  microscope,  left  a  considerable  amount  of  such 
ae  on  fiolntion.  By  using  hydrochloric  acid  for  this  purpose, 
as  able  to  detect  combinations  of  the  most  delicate  needles  of 
)  in  networks  and  "  gnttngB  "  of  sagenite. 
)  does  not  say  whether  he  himself  oame  to  any  conclusion  as  to 
primary  or  secondary  nature  of  these  interpoflitions,  which 
ir  to  correspond  with  what  is  so  well  seen  in  the  thin  ilmenite 
I  of  the  Cornish  slate ;  neither  does  H6nard,  so  far  as  I  am 
a,  express  any  opinion  on  this  point,  nor  do  I  know  of  any 
'  authority  who  has  done  so. 

fcer  long  and  careful  examination  of  these  forms  I  do  not  find  it 
ble  to  say  that  there  is  much  evidence  one  way  or  other,  but 
der  that  on  the  whole  it  appears  most  probable  that  it  is  a  case 
iginal  inter-crystallization. 

le  study,  under  high  powers,  of  the  thinnest,  most  transparent 
B  in  every  degree  of  reticulation,  seems  to  show  that  in  all  cases 
utile  of  the  sagenite  is  so  very  sharply  marked  off  from  the 
lite  that  the  idea  of  a  chemical  change  going  on  between  the 
s  not  easily  entertained. 

te  whole  question  as  to  the  mode  of  origin  of  these  ilmenite 
%  is  one  of  great  interest.  It  seems  clear,  from  the  manner  of 
Tence  in  the  rock,  that  like  the  ottrelite  they  were  produced  at 
period  posterior  to  the  formation  of  the  sericite-phyllite  as 
and  there  is  much  evidence  that  they  also  have  been  much 
and  broken  up  at  a  still  later  period. 

Icite  is  present  in  this  slate  in  noticeable  amount  in  the  form  of 
s  and  small  patches  irregularly  diffused  all  through  it. 
lere  are  a  few  small  patches  of  pale  chlorite,  of  which  it  is  to 
marked  that  they  are  quite  free  from  the  microlites  of  rutile,  so 
dant  in  the  rest  of  the  rock.  Tourmaline  in  perfect  hemihedral 
als  is  well  represented,  these  crystals  measuring  in  most  cases 
inch  in  length.  They  appear  all  to  lie  with  their  long  axes 
lei  to  the  plane  of  cleavage  of  the  slate. 

is  slate  is  so  completely  metamorphosed  that  nothing  whatever 
DC  detected  which  could  be  referred  to  the  original  clastic 
rial  out  of  which  it  has  been  formed,  except  a  few  crystals  and 
led  grains  of  zircon. 

ofing-slates  from  other  quarries  of  the  district  all  resemble  that 
lesoribed  in  general  structure  and  composition,  though,  with  the 
tion  of  the  fundamental  basis  of  sericite,  the  amounts  of  the 
18  minerals  present  vary  a  good  deal.  Thus  ilmenite  is  much 
abundant  in  some  than  in  others,  and  in  some  cases  does  not 
any  sagenite.  The  latter  is  present  in  numerous  and  fine 
)Ies,  however,  in  the  Delabole  slates. 
nets  are  plentiful  in  some  slates,  as  at  Delabole. 
)  other  phyllites,  not  fit  for  roofing-slates,  show  rather  more 
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variety  of  oomposition.  Chlorite  is  mnch  more  abondant  in  some  of 
them.  Umenite  is  almost  miiversal,  and  in  many  cases  is  as  abund- 
ant and  as  full  of  sagenite  as  is  the  ottrelite-slate.  Garnet  is  very 
abundant  in  some  cases,  and  most  of  all  in  specimens  taken  from 
near  the  oontact  with  one  or  other  of  the  igneous  rocks  described  in 
a  recent  paper. 

This  garnet  is  all  colourless,  or  very  nearly  so.  It  is  in  the  form  of 
very  small  irregular  grains  with  only  here  and  there  a  solitary  case 
of  any  crystal-form. 

Tourmaline  is  much  increased  in  amount  near  the  contacts,  and  is 
in  some  cases  the  main  constituent  after  the  sericite. 

Butile  is  present  in  large  amount  in  all  the  phyllites  of  the  dis- 
trict, as  minute  crystals,  and,  in  some  cases,  also  in  large  grains  and 
tablets. 

In  none  of  the  many  specimens  examined  by  me,  have  I  come 
across  any  ottrelite,  except  in  the  one  case  described.  It  is  hardly 
likely  that  it  is  limited  to  the  one  particular  quarry,  but  I  have  not 
been  so  fortunate  as  to  find  it  anywhere  else. 

There  are  several  beds  of  black,  sbaly  rock  in  among  the  sericite 
phyllites  at  various  points.  They  are  almost  wholly  siliceous  in 
nature,  very  fine-grained  quartzites  cemented  and  veined  with  in- 
filtrated silica  and  permeated  through  and  through  by  fine  carbon- 
aceous matter.  These  rocks  contain  but  little  of  any  other  minerals, 
and  do  not  present  any  special  interest. 


VIII. — On  the  Seculab  Straining  op  the  Eabth.     L* 

By  Chables  Davison,  M.A., 
Mathematical  Master  at  King  Edward's  High  School,  Binningham. 

AS  early  as  the  times  of  Descartes  (1668)  and  Newton  (1681),  the 
"settling  and  shrinking  of  the  whole  globe  after  the  upper 
regions  or  surface  began  to  be  hard,*''  was  held  a  sufficient  cause  for 
the  formation  of  mountain-chains.  Following  the  growth  of  our 
knowledge  of  mountain-structure,  the  contraction  theory  has  been 
rediscovered  several  times  in  the  present  century.  It  has  been 
worked  out  in  great  detail  by  £lie  de  Beaumont,  Prevost,  Delabeche 
and  others ;  but,  above  all,  by  J.  D.  Danei,  the  real  founder  of  the 
theory,  in  an  admirable  series  of  papers  extending  over  the  last 
forty-two  years. 

^  Read  before  the  Birmingham  Philosophical  Society  on  Feb.  14,  1889.  In  this 
paper  I  have  attempted  to  give  an  account  of  part  of  a  paper  **  On  the  Distribution 
of  Strain  in  the  Earth's  Crust  resulting  Irom  Secular  Cooling,  etc.,'*  read  before  the 
Royal  Society  on  May  5,  1887  (Phil.  Trans.  1887,  A.  pp.  231-242).  The  reasoninc^ 
in  ch.  xi.  of  Mr.  T.  Mellard  Reade's  work  on  **  The  Origin  of  Mountain  Ranges 
(1886)  shows  that  he  had  previously  perceived  the  existence  of  a  surface  of  zero- 
strain  in  the  earth's  crust,  separating  an  outer  region  of  crushing  from  an  inner 
region  of  stretching.  In  his  well-known  paper,  **  On  the  Formation  of  Alpine 
Valleys  and  Alpine  Lakes"  (Phil.  Mag.,  Feb.  1863,  4th  ser.  vol.  xxv.  p.  97),  Mr. 
John  Ball  arrived  at  the  conclusion  that  folding  by  lateral  pressure  diminishes  as  the 
depth  from  the  surface  of  the  earth  increases,  until  it  becomes  insensible. 

^  Brewster's  **  Memoirs  of  Sir  Isaac  Newton/'  vol.  ii.  Appendix  4  ;  Nature,  vol. 
zxxviii.  p.  30. 


C.  Daman — Secular  Straining  of  the  Earth. 


221 


Leaving  its  details  out  of  aooount,  the  fundamental  idea  in  the 
oontiBction  theory  may  be  stated  as  follows  :  The  whole  earth  was 
originally  at  a  high  temperature  throughout,  its  present  distribution 
of  temperature  being  the  result  of  oooling  since  the  initial  epoch. 
The  surface  of  the  earth  has  now  practically  ceased  to  cool,  and 
the  interior  at  and  below  a  depth  of  two  or  three  hundred  miles  has 
not  yet  begun  sensibly  to  lose  its  heat.  The  intermediate  layer  in 
oooling  oontraots,  and  the  outermost  crust,  being  deprived  of  its 
support,  is  crushed  and  folded  by  the  tremendous  pressures  thus 
brought  into  action.  The  ridges  and  wrinkles,  into  which  the  crust 
is  thrown,  constitute  our  mountain-chains. 

It  is  curious  that,  until  recently,  attention  has  been  wholly 
oonoentrated  on  the  behaviour  of  the  outer  crust  with  respect  to  the 
oooling  layer  beneath  it,  and  that  the  behaviour  of  the  cooling  layer 
itself  with  respect  to  the  uncooled  nucleus  within  has  passed 
unnoticed.  Taking  this  latter  relation  into  account,  however,  it  will 
be  found  that  new  light  is  thrown  upon  several  points  of  the 
theory,  and  especially  on  the  comparatively  superficial  nature  of  the 
mountain-making  forces. 

I  shall  assume  in  this  paper  the  truth  of  the  doctrine,  which 
recent  researches  agree  in  indicating  with  a  high  degree  of  proba- 
bility, that  the  earth  is  practically  a  solid  body ;  also  of  Sir  W. 
Thomson's  celebrated  investigation  on  the  secular  cooling  of  the 
earth.  Further,  in  order  to  simplify  the  problem,  I  shall  suppose 
the  earth  to  be  a  sphere  and  its  surface  perfectly  smooth. 

Taking  the  initial  temperature  of  the  earth  at  7000^  F.,  and  the 
average  rate  near  the  surface  at  which  the  temperature  increases 
with  the  depth  at  1°  F.  for  every  61  feet,  Sir  W.  Thomson  shows 
that  the  date  at  which  the  earth  solidified  cannot  have  been  less 
than  20  million,  nor  more  than  400  million,  years  ago,  that  it  was 
probably  not  far  from  100  million  years  ago.  In  his  well-known 
paper,  he  gives  a  curve  which  repre- 
sents the  temperature  at  different 
depths,  and  which  is  reproduced 
in  the  accompanying  figure.  The 
depths  from  the  surface  are  repre- 
sented by  lengths  measured  from 
A  along  the  line  ab.  The  tempera- 
ture at  the  depth  an  is  represented 
by  the  length  of  the  line  np 
drawn  at  right  angles  to  ab.  If 
lines  like  kp  be  drawn  from  every 
point  in  ab,  and  if  each  line  be 
made  proportional  in  length  to  the 
temperature  at  the  corresponding 
depth,  the  other  ends  will  all  lie 
on  the  curve  apc.  At  the  depth 
represented  by  ab,  about  150  miles,  the  temperature  is  very  nearly 
the  same  as  it  must  be  in  the  entire  mass  below. 

At  a  subsequent  date,  every  point,  through  cooling,  is  at  a  lower 
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temperatore.  The  state  of  temperature  may  then  on  the  same  scale 
be  represented  by  the  carve  aqb.  The  temperature  corresponding 
to  the  depth  an  is  now  represented  by  the  line  nq  instead  of  mp,  so 
that  the  amount  of  heat  lost  in  the  interval  is  represented  by  the 
length  of  the  line  qp.  If  we  now  suppose  the  line  nqp  to  start  from 
AD  and  to  move  downwards,  keeping  parallel  to  itself,  the  part  qp, 
at  first  zero  increases  for  a  certain  distance,  until  it  becomes  a 
maximum,  and  then  it  decreases  until  the  line  mqp  reaches  the 
position  BEG,  where  it  is  practically  again  zero.  Since  the  rate  of 
cooling  is  proportional  to  the  amount  of  heat  lost  in  a  given  time,  it 
follows  that  this  rate  is  zero  at  the  surface,  that  it  increases  as  the 
depth  from  the  surface  of  the  earth  increases,  until  it  is  a  maximum, 
after  which  it  decreases,  becoming  insensible  at  a  depth  of  two  or 
three  hundred  miles.  If  the  time  since  the  earth  solidified  be  100 
million  years.  Prof.  G.  H.  Darwin  has  shown ^  that  the  depth  at 
which  the  rate  of  cooling  is  greatest  is  about  53  miles.  He  has 
shown  also  that  this  depth  increases  in  proportion  to  the  square  root 
of  the  time,  that  is,  at  four  hundred  million  years  the  depth  will  be 
twice  as  great  as  this,  three  times  as  great  at  nine  hundred  million 
years,  and  so  on.  At  the  initial  epoch,  it  coincided  with  the  surface 
of  the  earth. 

If  a  sphere,  having  the  same  centre  as  the  earth,  pass  through  the 
point  at  which  the  rate  of  cooling  ceases  to  be  sensible,  it  will 
include  within  it  the  whole  mass  of  the  earth  which  has  not  yet 
begun  to  lose  its  heat,  the  '*  uncooled  nucleus,"  as  it  has  been  called 
above.  The  rest  of  the  earth,  constituting  the  "  cooling  layer," 
may  be  supposed  to  be  divided  up  into  a  very  great  number  of  very 
thin  shells  by  spherical  surfaces  all  having  the  same  centre  as  the 
earth.  Each  shell  must  be  imagined  so  thin  that  the  rate  of  cooling 
varies  by  an  infinitely  small  amount  between  the  inner  and  outer 
surfaces  of  the  shell. 

Let  us  now  consider  the  consequences  of  the  method  of  cooling 
described  above ;  and,  first,  in  the  lowest  shell  of  the  cooling  layer, 
that  next  to,  and  surrounding,  the  uncooled  nucleus.  In  a  given 
time,  this  shell  loses  a  definite,  though  small,  amount  of  heat,  in 
consequence  of  which  it  must  contract  in  volume.  If  the  shell  were 
isolated,  it  would  also  contract  in  radius,  by  an  amount  proportional 
to  the  loss  of  heat  But  this  is  prevented  by  the  presence  of  the 
nucleus  within.  The  contraction  can  therefore  be  accomplished 
only  by  the  shell  stretching  over  the  nucleus,  at  the  same  time 
diminishing  in  thickness. 

The  next  succeeding  shell  is  stretched  in  a  similar  manner.  If 
the  loss  of  beat  were  the  same  as  in  the  first  shell,  both  shells 
would  be  stretched  by  very  nearly  the  same  amount.  But  it  loses 
more  heat  in  the  same  time,  for  the  rate  of  cooling  at  first  increases 
from  the  nucleus  outwards.  The  second  shell  is  therefore  stretched 
more  than  the  first.  In  like  manner,  the  third  is  stretohed  more 
than  the  second ;  and  this  is  the  case  with  every  shell  to  very  nearly 
as  far  as  the  surface  where  the  rate  of  cooling  is  greatest 

'  Nature,  yol.  xix.  p.  313. 
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Above  ibis  aarface  a  change  takes  place.  In  this  part  of  the 
earth's  cmst  each  shell  in  a  given  time  loses  less  heat  than  the  shell 
below  it,  and  consequently  undergoes  less  stretching.  Tlie  stretching 
thus  decreases  gradually  and  continuously  towards  the  surface  of 
the  earth ;  and  it  may  be  shown  that  at  a  certain  point  it  vanishes 
altogether. 

To  do  this,  we  must  consider  the  shells  close  to  the  surface  of  the 
earth.  The  outermost  shell  of  all  is  not  losing  any  heat.  The 
layer  between  it  and  the  nucleus,  by  cooling  and  contracting,  is 
diminished  in  thickness,  and  tends  to  leave  the  shell  unsupported. 
But,  immediately  this  takes  place,  enormous  lateral  pressures  are 
developed  by  the  attraction  of  all  the  earth's  mass  within ;  and  the 
outermost  shell  is  crushed  and  wrinkled  until  it  rests  completely  on 
the  mass  below.  In  the  same  way«  the  shell  next  below  the  outer- 
most is  crushed  and  folded,  but  not  to  so  great  an  extent,  for  it  does 
lose  a  certain  small  amount  of  heat,  and  the  contraction  due  to  this 
brings  it  a  little  nearer  the  mass  on  which  it  is  obliged  to  rest.  In 
the  shell  below  this,  the  loss  of  heat  is  still  greater  (for  the  rate  of 
cooling  increases  from  the  surface  downwards),  and  the  amount  of 
folding  still  less,  and  so  on.  Thus  the  folding  and  crushing  of  the 
shells  gradually  and  continuously  diminish  as  the  depth  from  the 
surface  increases. 

We  have  now  the  following  state  of  things.  From  the  surface  of 
greatest  rate  of  cooling,  stretching  gradually  diminishes  outwards. 
From  the  surface  of  the  earth,  crushing  and  folding  gradually 
diminish  inwards.  At  some  point  between  the  surface  of  the  earth 
and  the  surface  of  greatest  rate  of  cooling,  there  must  be  a  shell 
which  is  being  neither  stretched  nor  crushed.  We  may  call  it  there- 
fore the  "  surface  of  zero-strain." 

This  surface  plays  an  important  part  in  the  physical  history  of 
the  earth.  If  the  contraction  theory  be  true,  our  loftiest  mountain- 
ranges  must  be  formed  principally,  perhaps  entirely,  of  the  material 
in  the  comparatively  thin  layer  of  rock  outside  it.  Our  earthquakes 
and  volcanic  eruptions  probably  originate  at  points  above  the  surface 
of  zero-strain. 

It  would  therefore  be  an  interesting  and  important  problem  to 
determine,  if  we  could,  the  depth  of  the  surface  of  zero-strain  ;  but, 
in  the  present  state  of  our  knowledge,  it  is  impossible  to  do  this 
accurately.  Assuming,  however,  that  the  coefficient  of  dilatation  and 
the  rate  of  conductivity  are  the  same  at  all  temperatures,  that  the 
surface  of  the  earth  is  a  sphere,  and  that  the  stretching  or  folding  of 
any  shell  is  uniform  all  over  that  shell,  I  found,  by  an  approximate 
method  which  it  is  hardly  necessary  to  describe,  that  the  surface  of 
zero-strain  was,  or  more  probably  will  be,  at  a  depth  of  five  miles 
after  an  interval  of  174,240,000  years  since  the  earth  solidified.^ 
This  depth,  on  account  of  the  method  of  calculation  employed,  is  too 
great  by  a  fraction  of  a  mile,  but  we  shall  probably  be  well  within 
the  limits  of  error  if  we  put  it  at  between  four  and  five  miles. 

1  This  period  was  adopted  in  order  to  simplifj  the  calcalatioDs,  and  is  well  within 
the  limits  given  by  Sir  W .  Thomson. 
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At  the  same  time  and  on  the  same  assumptions,  the  depth  of  the 
snrfaoe  at  which  stretching  is  greatest  would  he  about  72  miles,  thii 
surface  being  less  than  a  mile  below  the  surface  of  greatest  rate  of 
cooling. 

We  may  sum  up  the  results  obtained  for  this  period  as  follows, 
assuming  the  surface  of  the  earth  to  be  smooth  and  spherical: 
Folding  by  lateral  pressure  is  greatest  at  the  surface.  It  diminishes 
as  the  depth  increases  until,  at  a  depth  between  four  and  five  miles, 
it  vanishes.  Below  this  depth,  folding  by  lateral  pressure  gives 
place  to  stretching  by  lateral  tension,  and  the  stretching  increases  as 
the  depth  increases  until  it  is  a  maximum  at  a  depth  of  about  72 
miles.  Below  this,  again,  the  stretching  begins  to  decrease,  and  it 
continues  decreasing,  until  it  practically  vanishes  at  a  depth  of  about 
200  miles. 

If  the  contraction  theory  be  true,  the  most  important  evidence 
which  the  surface  of  zero-strain  gives  us  is  that  relating  to  the 
extremely  superficial  nature  of  the  forces  which  produce  our 
mountain-ranges.  Some  geologists  have  regarded  the  slight  depth 
of  the  surface  as  a  strong  argument  against  the  theory.  It  seems  to 
me  that  they  are  somewhat  hasty  in  coming  to  this  conclusion,  that 
they  do  not  take  sufficiently  into  account  our  utter  ignorance  on  many 
important  points.  It  cannot  be  denied  that  the  theory  is  surrounded 
with  great  and  serious  difficulties,  but  I  submit  that  there  is  a 
difference  between  objections  which  cannot  be  met  and  difficulties 
which  have  not  yet  been  solved ;  and  I  cannot  help  thinking  that 
these  difficulties,  if  treated  as  subjects  for  future  investigation,  will 
sooner  or  later  be  removed.  The  contraction  theory  is  attractive  not 
only  from  its  beauty  and  its  simple  grandeur.  It  explains  so  many 
phenomena  in  the  evolution  of  mountain-chains ;  so  many  apparently 
unconnected  facts  are  grouped  together  by  its  guidance;  that  the 
reasons  must  be  weighty  indeed  which  shall  lead  us  to  reject  it 


IX. — An  Exposubb  of  Middle  and  Neweb  Pleistooenb  Bouldeb 

Glat  in  Derby. 

Bj  B.  M.  DsELEY,  F.G.S. 

SOME  very  interesting  deposits  of  Pleistocene  age  have  lately 
been  exposed  on  the  Burton  Road,  Derby.  The  road  rises  on 
the  north  side  of  Mill  Hill,  and  near  the  top,  at  the  height  of  260 
feet,  cuts  into  a  mass  of  Boulder-clay,  which  is,  or  was,  well  shown 
in  the  cuttings  for  the  new  roads  leading  into  Byron  Street.  Another 
outlier  of  the  same  clay  is  exposed  in  Littleover  Lane  to  the  south- 
west The  main  mass  of  the  deposit  cut  into  on  the  Burton  Road  is 
a  red  morainic  clay  with  boulders ;  apparently  a  subaerial  moraine 
subsequently  modified  by  the  passage  over  it  of  land  ice.  Unlike 
the  tough,  silty,  red  and  blue  aqueous  Boulder  Clays  so  plentifully 
spread  over  the  Midland  counties,  it  shows  little  or  no  signs  of 
aqueous  action.  Sometimes  it  has  a  banded  or  streaked  appearance, 
but  this  seems  to  be  due  rather  to  a  crushing  or  pressing-out  action 
than  to  original  conditions  of  deposition.    In  this  respect  it  much 
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recembles  many  of  the  xnorainio  deposits  of  the  Lake  Distriot  and 
North  Wales.  Although  the  matrix  is  ohiefly  finely  broken  up 
Keaper  Marl  and  Coal-measure  rock,  there  are  occasional  beds  of 
what  appears  to  be  torrential  sand  and  gravel  much  disturbed  by 
sabsequent  ice  action.  Large  boulders  of  Upper  Carboniferous  rocks, 
together  with  quartzite  pebbles,  probably  derived  from  the  Bunter 
Pebble  Beds,  are  abundant,  but  Carboniferous  Limestone  is  rather 
scarce.  Flints  are  numerous  and  sometimes  of  large  size.  They 
are  scattered  throughout  the  whole  depth  of  the  deposit,  not  merely 
intruded  into  the  surface  portions. 

I  have  elsewhere  pointed  out^  that  in  the  Midlands  flints  are 
absent  from  the  thick  deposits  of  Older  Pleistocene  Boulder  Clay 
and  sand,  but  appear  in  great  abundance  in  the  clays  and  sands 
of  Middle  Pleistocene  age.  Associated  with  the  Older  Pleistocene 
Boulder  Clays  there  occurs  a  thick  deposit  of  sand,  the  Quartzose 
Sand,  the  false  bedding  of  which  indicates  powerful  currents  from  the 
north-west  and  south-west.  The  absence  of  flint  from  these  deposits 
has  a  peculiarly  interesting  bearing  upon  the  question  of  where  the 
flints  in  the  clays  and  sands  of  Wales,  Cheshire,  and  Lancashire 
came  from,  and  also  when  they  wero  carried  to  the  positions  they 
now  occupy.  In  Older  Pleistocene  times,  when,  as  we  have  seen, 
the  currents  were  favourable  for  the  transport  of  flints  from  Ireland, 
flints  were  certainly  not  brought  in  any  quantity  into  the  Trent 
Valley.  At  least  I  have  only  found  them  in  deposits  of  this  age 
near  the  surface,  into  which  they  have  no  doubt  been  subsequently 
introduced.  In  Middle  Pleistocene  times,  when  the  ice-flow  was 
from  the  East  or  N.N.E.,  great  quantities  of  flint  and  chalk  were 
carried  into  the  Trent  Vidley ;  for  flints  form  a  considerable  pro- 
portion of  the  Chalky  Sand  even  in  the  extreme  north-westerly 
portion  of  the  area ;  indeed  they  may  be  found  in  the  Chalky  Sand 
where  it  passes  through  the  Biddulph  Pass  into  the  Cheshire  Plain  ; 
but  the  nearer  we  approach  the  hypothetical  Irish  source,  the  more 
scarce  they  become.  I  do  not  mean  to  assert  that  no  flints  have 
crossed  over  from  Ireland ;  but  the  weight  of  evidence  points  strongly 
to  the  conclusion  that  the  vast  majority  of  the  flints  in  the  Boulder 
Clays  and  sands  of  North  and  South  Wales  came  from  the  east  of 
England  during  the  Middle  Pleistocene  epoch. 

The  presence  of  flint  in  the  Burton  Road  and  Littleover  Boulder 
Clay,  therefore,  favours  the  assumption  that  the  deposit  is  either  of 
Middle  or  Newer  Pleistocene  age.  Fortunately  a  deep  excavation 
in  the  road,  after  passing  through  the  red  morainic  clay,  entered  a 
couple  of  feet  of  blue  silty  clay  full  of  rounded  grains  and  pebbles 
of  chalk.  This  deposit,  which  was  clearly  typical  Chalky  Boulder 
Clay,  rested  directly  upon  Keuper  Marl,  and  was  separated  by  a 
sharp  line  from  the  red  clay  above.  Another  shaft  close  by  passed 
through  clean -bedded  Middle  Pleistocene  sand.  Both  the  litlio- 
logical  and  stratigraphioal  evidence,  therefore,  points  to  the  con* 
dusion  that  the  upper  clay  is  the  Later  Pennine  Boulder  Clay.' 

1  Q.  J.  G.  8.  Not.  1886. 

'  That  Mr.  A.  J.  Jokes- Browne  has  misunderstood  my  argument  concerning  the 
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As  I  bave  recorded  the  presence  of  this  deposit  in  xoany  places  in 
the  neighbourhood  of  Derby,  it  is  very  satisfactory  to  find  it  resting 
in  considerable  masses  upon,  and  separated  by  a  sharp  line  of 
demarcation  from,  the  Chalky  Boulder  Clay.  It  is  evident  from  the 
great  quantity  of  flint  which  exists  in  the  Newer  Pleistoomie 
Boulder  Clay  and  Hiver  Gravels  of  the  Derwent  VaUey,  at  and 
below  Derby,  that  the  small  patch  of  Chalky  Boulder  Clay  on  the 
side  of  Mill  Hill  is  merely  a  remnant  of  a  great  mass  of  the  same 
deposit  which  once  partly  choked  up  the  Derwent,  Trent,  and  other 
valleys,  outliers  of  which  are  to  be  seen  at  Chellaston,  Doveridge^ 
and  Hanbury  Wood  End. 

39,  Cavbbsham  Road,  Kentish  Town,  N.W. 


I. — ^Thb  Minbral  Wealth  of  Queensland.  By  B.  L.  Jaok, 
F.G.S.,  F.R.G.S.,  Government  Geologist.  Bnsbane,  188a  8vo. 
pp.  71.     With  Map  showing  position  of  the  Mineral  Fields. 

I^HIS  book,  written  at  the  request  of  the  Hon.  the  Minister  for 
Mines  and  Works,  gives  a  resume  of  the  mining  statistics  of 
the  Colony,  with  an  account  of  the  mineral  fields  that  have  been  or 
are  being  worked,  of  the  geological  formations  in  which  they  occur, 
the  methods  of  working  and  of  reducing  them  where  the  latter  is 
done  on  the  spot,  as  well  as  a  list  of  the  minerals  associated  with 
them,  and  a  table  of  localities  where  minerals  yet  undeveloped  are 
known  to  exist. 

In  1887  about  400,000  oz.  of  gold  were  raised,  of  which  less  than 
25,000  were  of  alluvial  origin,  the  remainder  being  obtained  by 
crushing  stone  containing  from  one  to  two  ounces  to  the  ton. 

The  wealthiest  gold  field  is  the  Charters  Towers,  for  which  the 
returns  given  for  1887  are  alluvial  317  oz.,  reef  151,060  oz.  obtained 
by  crushing  83,292  tons  of  quartz.  The  gold  here  is  associated  with 
pyrites,  galena,  and  zinc-blende,  and  the  yield  per  ton  shows  a 
slight  increase  at  the  deepest  levels,  the  lowest  of  which  is  now 
1400  ft. 

Gold  occurs  in  most  parts  of  the  Colony,  but  as  far  as  at  present 
known  only  in  paying  quantities  near  the  coast  in  the  southern  half, 
while  in  the  northern  or  tropical  divison  in  the  interior  as  well. 

The  most  remarkable  mine  is  that  of  Mount  Morgan  in  the  Rock- 
ham  pton  District.  The  Mount  is  a  dome-shaped  hUl  1500  ft  above 
sea-level  and  500  above  the  surrounding  table-land,  of  which  the 

Newer  Pleistocene  Boulder  Clays  of  Lincolnsliire  is  evident  from  the  following 
passage  in  his  letter,  which  I  quote.  Beferring  to  my  short  paper  in  the  Gbol. 
Maoazinb  for  October,  1888,  he  says,  **He  suggests,  however,  tnat  some  of  the 
clays  classed  by  me  as  Newer  Glacial  may  really  be  older  than  the  Chalky  Boulder 
Clay,  and  he  apparently  finds  great  difficulty  in  accepting  the  occurrence  of  such 
Newer  Glacial  oeds  at  elevations  approaching  400  feet.**  My  peatest  difficulty, 
distinctly  stated,  was  the  supposed  ^*  marine  aspect  of  the  high  level,  brown, 
Boulder  Clays."  All  Boulder  Clays  are  certainly  not  marine,  fr^uently  not  even 
aqueous. 
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ndcs  belong  to  the  Carbonifero- Permian  series,  and  are  intersected 
in  eveiry  direction  by  dykes  of  dolerite,  rhyolite,  eta  "  The  upper 
portion  of  Mount  Morgan  consists  of  a  deposit  varying  from  red 
md  brown  hsamatite  on  the  one  hand  to  a  frothy,  spongy  cellular 
nliceous  sinter  on  the  other.  Fine  gold  is  disseminated  throughout 
the  mass,"  it  has  averaged  of  late  7  oz.  to  the  ton,  is  absolutely  free 
fnm  eilver.  The  mining  operations  are  simply  quarrying,  and  the 
sold  is  extracted  by  chlorination.  The  mine  is  estimated  to  be 
irorth  £16,000,000,  while  Messrs.  Morgan  Bros.,  the  original  pro- 
prietors, who  gave  their  name  to  the  Mount,  are  said  to  have  sold 
the  640  acres  it  covers  for  less  than  £300. 

The  amount  of  silver  obtained  in  1887  was  over  £120,000  in  value, 
shiefly  from  galena,  though  in  the  Ravenswood  silver-field  the 
mrfaoe  yielded  lead  carbonate  giving  as  much  as  300  oz.  of  silver 
o  the  ton,  lower  levels  of  galena  giving  2  oz.,  while  at  a  depth  of 
>50  ft  "  the  shaft  bottomed  on  an  antimony  and  copper  ore  some- 
Bvhat  resembling  tetrahedrite  in  composition,  but  containing  from 
500  to  oOOO  oz.  silver  to  the  ton." 

llie  tin,  produced  chiefly  by  mining  and  crushing  porphyry, 
jaartzite  and  chlorite  dykes,  though  a  considerable  quantity  is 
>btained  from  aDuvial  deposits,  was  valued  at  over  £220,000  in  1887. 

Copper  is  not  worked  to  any  great  extent,  though  there  are  lodes 
)f  oxides,  carbonates  and  sulphides,  the  latter  containing  in  some 
msea  both  gold  and  silver  in  considerable  quantities,  which,  to 
juote  the  author,  "  would  be  payable  under  favourable  conditions," 
neaning,  we  presume,  proper  facilities  for  carriage,  for  in  one  place 
le  instances  freight  to  England  £1  per  ton  of  ore,  while  the  carriage 
to  the  port  of  shipment  was  £4  per  ton. 

The  other  metals  are  mercury  and  cobalt,  the  ores  of  the  latter 
sire  very  rich,  and  promise  to  be  very  productive  when  the  workings 
ftre  extended.     Antimony  has  been  mined  to  a  small  extent. 

The  Coal-fields  extend  over  thirty  thousand  square  miles,  occur- 
ring in  the  Carbonifero-Permian  and  Jurassic  systems.  The  quality 
Is  good  in  some  of  the  seams,  but  in  others  the  percentage  of  ash  is 
bigh.  The  workings  at  present  are  few,  in  fact  only  230,000  tons 
were  raised  in  1887. 


I^  E  V  I  DS3  "V7"  S. 


I. — Peof.  Db.  von  Zittxl  on  Palichthyology. 

Kabl  a.  von  Zittbl,  Handbuch  dbb  Palaontologie.  Paueo- 
zooLOGiE.  Band  IIL  Lief.  I.  XL  (H.  Oldenbourg,  Munich, 
1887-88.) 

(Concluded  from  pa ff6  181.) 

Tbleostei. 

THE  only  modem  synopsis  of  the  Palseontology  of  the  Teleostean 
fishes,  previous  to  the  publication  of  Dr.  v.  Zittel's  work,  is  to 
be  found  in  Dr.  Giinther's  "  Study  of  Fishes  "  (1880) ;  and  as  this 
fl  merely   an   outline,   without  details  or  references,  the  present 
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**  Handbuoh  "  supplies  an  important  deeideratom  in  lobthyological 
literature.  The  deaoription  of  the  "subolaai"  oooopieB  pp.  §52- 
316,  and  is  illustrated  by  58  woodcuts. 

After  an  enumeration  of  the  more  general  works  upon  the  subject, 
and  a  preliminary  definition,  the  six  "orders"  of  Johannes  Miiller 
are  adopted,  and  the  extinct  representatives  of  each  noticed  in 
succession  from  the  Lophobranchii  to  the  Anacanthini. 

The  known  fossil  Lophobranchs  are  but  few  in  number,  and 
restricted  to  the  Tertiaries.  Of  the  Solenostomidae  an  extinct  repre- 
sentative (Solenorhynchus)  occurs  in  the  Eocene  of  Monte  Posfale; 
and  the  common  surviving  pipe-fish  (Syngnathus)  is  met  with  in 
the  Oligocene  of  Monte  Bolca  and  Croatia,  and  in  the  Miocene  of 
Licata,  Sicily.  A  Eippocampus-like  fish  with  a  caudal  fin  (Cala' 
mostoma)  has  also  been  described  by  Agassiz  from  Monte  Bolca. 

The  Plectognathi  have  a  scarcely  more  satisfactory  palseontological 
record,  and  only  a  few  types,  closely  related  to  living  genera,  have 
hitherto  been  detected  in  the  Tertiaries.  Of  the  sun-fish  (Orikngo* 
riscus)  Dr.  v.  Zittel  rightly  casts  doubt  upon  Dixon's  supposed  fossil 
jaw  from  the  Chalk,  which  now  proves  to  be  the  dentary  bone  of  a 
turtle ;  ^  but  reference  might  have  been  made  to  the  undoubted 
mandibles  of  Orihagoriseus  discovered  in  the  Oligocene  of  Belgium.* 
IModan  has  a  wide  range  from  the  Oligocene  upwards,  and  there  are 
some  indications  of  closely-allied  extinct  genera  in  the  Lower 
Tertiaries  of  Egypt,  the  Gironde,  and  Monte  Postale.  Oatracitm 
occurs  at  Monte  Bolca ;  and  Baliates  is  supposed  to  be  represented 
upon  the  same  horizon  by  the  extinct  Protobalistum,  Following 
Baron  de  Zigno,  the  author  assigns  two  species  to  the  latter  genus, 
but  Dr.  Theodore  Gill  *  has  lately  pointed  out  that  a  rearrangement 
is  required,  and  that  the  so-called  P,  Omhonii  forms  the  type  of  a 
very  distinct  genus  to  be  henceforth  termed  Protaeanthodes,  Acan- 
thoderma  and  Acanthopleurna  are  the  well-known  Scleroderms 
described  by  Agassiz  from  the  black  slates  of  the  Canton  Glarus ;  and, 
in  default  of  a  more  certain  position,  the  pharyngeal  teeth  named 
Ancistrodon  (first  determined  as  such  by  Dr.  W.  Dames)  are  pro- 
visionally placed  as  an  appendix  to  the  same  group. 

The  great  order  of  Pbysostomi  commences  with  the  family  of 
Siluridae,  and  the  earliest  undoubted  representatives  of  this  remark- 
able division  are  recorded  from  the  Eocene.  One  extinct  genus 
(Bucklandium)  has  lately  been  noticed  in  the  London  Clay  of  the 
Isle  of  Sheppey ;  *  and  a  recent  discovery  of  a  nearly  complete  skidl 
in  the  Barton  Clay  ^  has  confirmed  the  occurrence  of  the  recent  genus 
Arius  in  the  English  Middle  and  Upper  Eocenes.  The  genera  from 
the  Pliocene  of  the  Siwalik  Hills,  India,  and  from  the  Lower  Tertiary 
of  Padang,  Sumatra,  are  also  satisfactorily  determined ;  but  the  so- 
called  Pimelodus  from  the  Miocene  of  Hungary  is  based  upon  fin- 

*  Proc.  GeoL  Assoc.  toI.  x.  p.  276. 

2  P.  J.  Van  Beneden,  Bull.  Acad.  roy.  Belg.  [3]  vol.  Ti.  (1883),  p.  132. 

»  Amer.  Nat.  1888,  pp.  446-448. 


♦  Geol.  Mao.  [3]  Vol.  V.  p.  471 ;  and  Proc.  Zool.  Soc.  April  2nd,  1889. 

*  E.  T.  Newton,  Proc.  ZooL  Soc  April  2ud,  1889. 
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nrhioh  appear  quite  indeterminable^  and  probably  do  not  belong 
to  the  Siluroid  family. 

lowing  the  Siluridae  are  the  three  typioally-Cretaceous  familieB 
lanrooephalidae  *'  (Saurodontidad  of  Cope),  Hoplopleiiridsd,  and 
idontidao.  These,  however,  can  only  be  regarded  as  pro- 
ally  defined,  and  the  precise  relationships  even  of  the  best- 
Q  genera  are  at  present  very  doabtful.  Poriheus^  Ichthyodectes, 
aurocephcUus  are  typical  representatives  of  the  Saurooephalidae : 
18  Cope  has  already  recognized,^  it  is  impossible  to  place 
fphyrcena  with  these.  The  stated  definition  of  the  Hoplopleuridae 
idiots  one  point  {**  Wirbelsaule  verknochert ")  in  the  diagnosis 
)  ''subclass  Teleostei"  on  p.  252;  and  this  contradiction  is 
laced  to  admit  of  the  association  of  the  early  Mesozoic  genera, 
n'hynchus  and  Saurichthys^  with  Dereetis  and  its  allies  of  the 
:.  Such  an  association  appears  to  the  present  writer  most 
ural  and  unjustifiable ;  for  it  must  be  remembered  that  in  the 
I  and  anal  fins  of  Bdonorhynehus  the  interspinous  bones  are 
much  fewer  in  number  than  the  dermal  rays' — a  character 
>wn  in  any  fishes  higher  than  Crossopterygians  and  Acipen- 
Is — while  the  maxilla  of  Saurichthys  has  lately  proved  to  exhibit 
ital  extension  such  as  has  hitherto  been  met  with  only  in  the 
>pterygian  Polypterua,^  The  Neocomian  Saurorhamphus,  it  is 
is  said  to  have  possessed  a  persistent  notochord,  but  more 
nation  is  required  concerning  this  fish.  Leptotraehelus  is 
bly  a  synonym  of  Derceiia,  or  at  least  is  not  separated  by  the 
diagnosis;*  and  in  whatever  family  Eurypholia  is  placed, 
^iia  must  follow.  Eurygnaihua  (Davis)  is  a  synonym  of  the 
,^  and  the  recent  discovery  of  complete  skulls  has  proved  the 
bones  so  long  described  as  premaxillae  (and  thus  named  by 
\  Zittel)  to  be  truly  the  palatine  elements.'  The  amended 
>aodon'*  is  identical  with  Pachyrhizodua;''  and  next  to  Cimo' 
ya  we  might  add  Pomognathua,^  removing  it  from  p.  279. 
e  EsocidsB  have  few  extinct  representatives,  so  far  as  known, 
h  there  is  much  in  their  anatomy  to  suggest  close  alliance 
some  of  the  earlier  Physostomi,  The  Notopteridsd  and  Chiro- 
idss  also  have  no  fossil  representatives  of  importance ;  but  the 
oration  of  the  succeeding  ClupeidsB  occupies  nearly  nine  pages. 
Dr.  V.  Zittel  places  the  typically  Jurassic  Thriaaopa  and  Leptolepia^ 
ing  a  subfamily  Thrissopina,  and  then  three  others — theCiupeina, 
ina,  and  £lopina.  A  fine  new  figure  of  the  head,  opercular 
atus,  and  pectoral  arch  of  Leptolepia  is  given;  and  there  is 
interesting  information  concerning  the  mandible  both  of  this 
\  and  of  Thriaaopa.  W.  von  der  Marck's  wide  separation  of 
nioidea  from  Oameroidea  is  accepted ;    Scombroclupea  follows 

1  Bull.  U.S.  Geol.  Surv.  Territ.  vol.  iii.  (1887),  pp.  821-823. 
'  W.  Deecke,  PalsBontogr.  vol.  xixv.  (18H9),  p.  129. 

*  Ann.  and  Mag.  Nat.  Hist.  [6],  vol.  iii.  1889,  p.  302. 

*  Proc.  6eoL  Assoc,  vol.  x.  p.  319. 

»  Gbol.  Mao.  [3],  Vol.  V.  1888,  p.  472. 

*  Proc.  Geol.  Assoc,  vol.  z.  p.  315,  pi.  i.  figs.  6,  6. 
'  Ibid.  p.  811.  8  7^irf.  p.  3X7. 
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Clupea  ;  and  Diplamy»tu8  is  recorded,  but  only  from  the  Green  RiYer 
Shales  of  Wyoming.  Tlie  latter  genus  is  now  known  also  from 
the  Cretaceous  of  Brazil  ^  and  Mount  Lebanon,'  besides  from  the 
Oligooene  of  the  Isle  of  Wight.' 

The  fossil  Salmonidsd  are  little  known,  and  to  the  author's  aocount 
we  would  only  add  that  the  remarkable  nodular  concretions  with 
Mallotua  villosus,  so  well  known  from  Greenland,  are  also  met  with 
in  the  Glacial  Clays  on  the  banks  of  the  Ottawa  River  in  Canada. 
The  palaeontological  history  of  the  Soopelidsd  and  Oste<^lossidfe  is 
likewise  scanty ;  and  the  only  point  of  much  interest  in  that  of 
the  Cyprinodontidae  is  the  occurrence  of  the  now-existing  tropical 
American  genus  Pcecilia,  in  the  Oeningen  beds  of  Switzerland. 
Many  representatives  of  the  Cyprinidas  occur  in  freshwater  Tertiary 
formations,  but  the  majority  are  referable  to  existing  genera ;  and 
Notogonevs,  from  the  Green  River  shales  of  Wyoming,  is  the  sole 
recognized  fossil  genus  of  GonorhynchidsB  (misprinted  Ganorhyn- 
chidsB).  The  Mui-ssnidsB  occur  first  in  the  Upper  Cretaoeons  of 
Mount  Lebanon  ;  and  the  ScombresocidsB,  which  conclude  the  Phy- 
sostomous  order,  are  considered  by  Dr.  v.  Zittel  to  be  also  probably 
represented  in  the  Cretaceous  by  Istieus  and  Bhinellus. 

The  order  of  Pharyngognathi  comprises  three  families  with  fossil 
representatives — the  Pomacentrid»,  Labridae,  and  Chromidse.  To 
the  first  are  assigned  two  extinct  genera,  Odonteus  from  Monte 
Bolca ;  and  Priacacara  from  the  Green  River  Shales  of  Wyoming ; 
and  in  the  last  are  placed  the  Cretaceous  genera  Pycnosterinx,  Omosomaf 
and  doubtfully  Imogaster.  The  LabridsB  are  represented  chiefiy  by 
detached  examples  of  the  pharyngeal  dentition  in  the  Tertiaries; 
and  in  addition  to  typical  forms  like  Labrus  and  Nummopalatns, 
Dr.  V.  Zittel  places  here  the  remarkable  Eocene  Phyllodua  and  Eger' 
tenia.  The  latter  are  also  recorded  from  the  Cretaceous,  but  PhyUo- 
du8  cretaceuSj  Reuss,  is  not  founded  upon  satisfactory  evidence ;  and 
Egertonia  gatdtina,  Comuel,  from  the  French  Gault,  is  very  doubt- 
fully related  to  the  Eocene  fossils,  and  may  perhaps  be  more  satis- 
fetctorily  compared  with  the  palatine  dentition  of  the  Elopine  Ptotelaps 
from  the  Turonian  of  Bohemia. 

The  order  Acanthopteri  commences  with  the  Berycidse,  having 
many  extinct  representatives.  In  addition  to  the  ordinary  species, 
Beryx  includes  numerous  detached  scales  described  under  five  or  six 
generic  names  from  the  Planerkalk  of  Saxony  and  Bohemia;  and 
we  would  only  remark  that  the  English  Chalk  species  mentioned 
(B.  lewesiensis)  now  proves  to  be  referable  to  Boplopieryx.^  In  the 
last-named  genus  must  also  be  placed  the  so-called  B.  Zippet,  of  the 
dorsal  fin  of  which  the  figure  copied  from  Fritsch  scarcely  gives 
a  correct  impression.^    The  Lebanon  fossil  named  Homonoiua  pUcher 

^  E.  D.  Cope,  Proc  Amer.  Phil.  Soc.  vol.  xiiii.  (1886),  p.  3. 
»  Ann.  and  Mag.  Nat.  Hiflt.  [6]  vol.  ii.  (1888),  p.  134. 

•  Clupea  veetetisiSf  K.  T.  Newton,  Quart.  Joum.  Geol.  Soc.  voL  xlv.  (1889), 
pp.  112-117.  pi.  iv. 

♦  Proc.  Geol.  Assoc,  vol.  x.  p.  327. 

*  Cy.  L.  Agassiz,  Poias.  Fobs.  vol.  iv.  pi.  xv.  fig.  2. 
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ii  probably  a  PyenoBterinx  ;^  and  Plaiycormus  appears  to  have  more 
affinity  with  the  Squamipinnes  tban  with  the  BerycidaB. 

Like  the  last  family,  the  Peroidad  are  also  represented  by  many 
eztinot  species  and  a  few  extinct  genera,  but  these  appear  to  be 
nttrioted  to  Tertiary  formations.  The  Glarus  fossil,  Aeanm,  is 
placed  here  as  the  result  of  Wettstein's  researches;  and  the  recent 
genns  Serrauus  ranges  downwards  to  the  Eocene  of  Monte  Bolca. 
Of  freshwater  genera,  the  common  Perca  has  a  wide  range  in  the 
European  Tertiaries ;  and  Smerdia  is  a  common  extinct  form  in  the 
Eocene  and  Miocene.  The  Pristipomatidsd  are  separated  from  the 
PercidsBy  and  the  London  Clay  Seianurus  is  assigned  a  place  in  this 
&mily. 

Dr.  T.  Zittel's  account  of  the  SparidsB  is  an  interesting  palsdon to- 
logical  lesson ;  for  the  variation  in  the  teeth  of  these  fishes  has  led 
to  the  publication  of  innumerable  names,  which  the  ichthyologist 
soon  recognizes  as  worthless  and  arising  from  ignorance  of  recent 
genera.  CapiiaduM,  Miinster,  is  shown  to  be  partly  founded  upon 
the  anterior  teeth  of  Chrysophrys,  and  partly  upon  the  pharyngeal 
teeth  of  Gyprinoid  fishes ;  most  of  the  crushing  teeth  of  Chrysophrys 
have  been  named  Spharodus  and  Sparoides  by  fossil  collectors ;  and 
Trigonodon,  Sismonda,  is  shown  to  be  a  synonym  of  Sargus,  A  new 
genns,  Stephanodfu,  is  founded  upon  broad  cutting  teeth  with  denti- 
cnlated  edges,  from  the  Upper  Chalk  of  the  Sahara ;  and  associated 
with  these  fossils  are  ronnd  crushing  teeth,  which  seem  to  demon- 
strate the  Sparoid  affinities  of  the  original  fish,  llie  Squamipinnes, 
Scorpienidae,  and  Teuthididae,  are  not  of  much  palaaontological 
interest;  and,  as  Dr.  v.  Zittel  remarks,  the  published  information 
concerning  the  fossil  XiphiidsB  is  somewhat  doubtful.'  The  Palseo- 
rhynchidss  form  an  entirely  extinct  family  of  older  Tertiary  age, 
and  the  author  considers  that  Semirhynchm  is  a  synonym  of  Palao* 
rhynchus,  being  originally  founded  upon  an  imperfect  specimen. 
It  is  satisfactory,  at  last,  to  find  no  mention  of  Enchodus  in  a 
palfl&ontological  account  of  the  Trichiuridaei ;  and  Wettstein's  deter- 
mination of  the  identity  of  Anenchelum  with  Lepidopua  is  adopted, 
thus  extending  the  range  of  this  recent  genus  to  the  horizon  of  the 
Swiss  Glarus  slates. 

Of  the  Acronuridaa  the  recent  genera  Acanihurm  and  Naseus  are 
determined  from  Monte  Bolca;  and  the  little  Calamostoma  (Stein- 
dachner)  from  the  same  horizon  requires  a  new  name,  not  being  the 
Calamostoma  of  Agassiz  (p.  256). 

The  CarangidcB  are  represented  by  extinct  species  of  the  principal 
recent  genera  in  the  Tertiaries ;  and  a  few  (e.g.  Platax)  also  occur 
in  the  uppermost  Cretaceous.  Of  the  Cyttidas,  Zeus  has  been  found 
iu  the  Miocene  of  Licata,  Sicily,  and  there  is  an  extinct  genus,  Cyttoides 
(Wettstein),  in  the  Glarus  slates.  A  good  figure  of  the  well-known 
Mene  (Gasteronemus)  rhombeus  is  given  under  the  CoryphaenidsB ; 
and  the  succeeding  list  of  Scombridae  and  Trachinidae  does  not 
present  much  of  interest,  except  the  occurrence  of  the  specialized 

^  Proc.  Geol.  Aasoc.  toI.  z.  p.  329. 
'  See  Proo.  Geol.  Abboc.  vol  z.  p.  321. 
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EeheneU  in  the  Glaras  slates,  as  discovered  by  Wettstein.  The 
Pedicnlati  or  Lophiidae  are  still  only  known,  among  fossils,  in  the 
Eocene  of  Monte  Bolca;  and  the  Cottidm,  Oataphraeti,  Grobiids, 
and  BlenniidiB,  are  soon  ennmerated,  the  only  striking  forms  being 
the  problematical  Petalapleryx  and  Cheirothrix  from  Monnt  Lebanon. 
Among  the  Mugiliformes,  the  so-called  Sph^rana  Amid^  of  Mount 
Lebanon,  is  rightly  omitted  ;  but  it  may  be  added  that  both  Calamfh- 
pleurus  and  dadocyelua  are  well  known  from  the  English  Ghalk,^ 
and  Dictyodua  does  not  pertain  to  this  family,  but  to  the  ScombridflB.* 
There  is  also  some  doubt  concerning  Apaopelix,  Cope,  for  it  is  men- 
tioned both  here  and  in  the  Stratodontidsd  (p.  269).  The  Blochiid», 
with  the  single  remarkable  extinct  genus,  Bloehiua,  from  Monte 
Bolca,  follow  the  Mugiliformes ;  and  the  Aulostomi  close  the  Acan- 
thopteran  series. 

Of  the  important  modem  order  Anacanthini,  so  few  extinct  forms 
are  known  that  less  than  two  pages  suffice  for  their  consideration. 
Both  the  GadidsB  and  Pleuronectides  range  from  the  Eocene  upwards, 
but  much  yet  remains  to  be  discovered  concerning  their  ancestry 
and  precise  relationships. 

In  conclusion,  Dr.  v.  Zittel  devotes  twenty  pages  to  a  general 
summary  of  our  knowledge  of  the  distribution  of  fossil  fishes  in 
space  and  time ;  and  this  unique  work  of  reference  is  thus  made 
available  for  the  Stratigraphical  Geologist  equally  with  the  systematic 
Ichthyologist.  A.  Smith  Woodwabd. 


II. — Bbaohiosponoid^  :  A  Memoib  on  a  Group  of  Silubian  Sponges. 
With  Six  Plates.      By  Charles  Emekson  Bercher.     Memoirs 

OF   THE    PeABODY   MuSEUM   OF   YaLE   UNIVERSITY,   Vol.    ii.   pt.   i. 

(New  Haven,  Conn.,  1889.     Imp.  4to.  28  pp.) 

THE  peculiar  sponges  to  which  Prof.  0.  C.  Marsh  gave  the  name 
of  Brachiospongia  have  been  described  and  figured  since 
1838,  but  hitherto  their  structural  characters  have  been  unknown. 
Mr.  Beecher  has  carefully  studied  the  specimens  obtained  by  Prof. 
Marsh,  and,  aided  by  this  gentleman's  liberality,  has  brought  out  the 
present  beautifully  illustrated  Memoir,  in  which  the  real  nature  of 
these  sponges  is  satisfactorily  shown.  The  sponges  themselves— 
which  sometimes  reach  to  a  foot  in  diameter — consist  of  an  open 
cup-shaped,  central  body,  from  which  a  number  of  curved,  tubular 
finger-like  processes  project.  The  sponge- wall  is  built  up  of  spicules 
of  the  hexactinellid  type,  which  do  not  appear  to  be  cemented 
together,  with  the  exception  of  those  forming  the  dermal  layer, 
which  are  apparently  fused  into  an  irregular  quadrate  mesh.  There 
is  considerable  variety  in  the  outer  form  and  the  number  of  the  pro- 
jecting arms  in  different  specimens,  but  Mr.  Beecher  has  done  wisely 
in  regarding  them  as  belonging  to  a  single  species,  B,  digitata,  D.  p. 
Owen,  sp.  Another  hexactinellid  sponge  having  a  peculiar  lobate 
or  tuberous  form  and  a  stout  wisp  or  rope  of  anchoring  spicules  is 
placed  in  a  new  genus  Strobilospongia,     These  sponges  have  been 

*  Proc.  Geol.  Assoc,  vol.  x.  pp.  324,  326. 

>  DoUo  and  Storms,  Zool.  Anzeiger,  No.  279  (1888). 
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for  tbe  most  part  obtained  in  Kentucky  and  Tennessee,  in  passa^- 
beds  between  the  Trenton  and  Hudson  River  formations,  apparently 
on  tbe  borizon  of  tbe  Utioa  Shale,  which  in  these  States  is  not  dis- 
tinctively developed  as  a  bituminous  shale,  tbe  same  as  in  New 
Tork  and  Canada.  There  is  a  definite  horizon  in  Franklin  County, 
Kentucky,  in  which  they  are  associated  with  beds  of  cberty 
limestone,  the  chert  being  restricted  to  tbe  bands  in  which  the 
sponges  occur.  Their  condition  of  preservation  is  as  a  rule  un- 
favourable, and  much  credit  is  due  to  Mr.  Beecher  for  having  finally 
determined  their  structural  characters. 


OXOLOOICAL  SOOIBTT  OF  LoNDON. 

I.— March  6,  1889.  — W.  T.  Blanford,  LL.D..  F.R.S.,  President,  in 
tbe  Chair. — The  following  communications  were  read : — 

1.  "On  the  Subdivisions  of  the  Speeton  Clay."  By  G.  W. 
Lamplngh,  Esq.     Communicated  by  Clement  Reid,  Esq.,  F.G.S. 

This  paper  gave  the  results  of  a  long  series  of  observations  made 
during  favourable  opportunities  at  the  cliff-foot  and  on  the  beach  at 
Speeton  from  1880  to  1889.  The  chief  points  brought  forward  by 
tbe  author  were  as  follows : — 

The  sandy  blue  shales  now  seen  in  the  cliff  near  Filey  are  not  in 
place,  but  are  erratics  in  the  Drift,  and  most,  if  not  all,  of  them  are 
derived  from  the  Lias. 

The  bituminous  shales  with  Belemnites  Owenii,  classified  as  Upper 
Kimeridge,  extend  upwards  to  tbe  Coprolite-bed  and  the  beds 
described  as  Portlandian  by  Prof.  Judd,  having  been  wrongly 
placed  in  this  part  of  tbe  section.  No  unconformity  is  traceable  at 
tbe  Coprolite-bed,  or  at  any  other  horizon,  between  the  Jurassic  and 
Cretaceous  portions  of  the  clays. 

The  clays  may  be  most  conveniently  divided  into  zones  by  refer- 
ence to  the  Belemnites,  as  follows : — 

Marly  shales  below  the  Red  Chalk  =  zone  of  B.  minimus  and 
allies. 

Upper  division  of  the  "  Neocomian,"  including  the  "  Cement- 
beds,"  and  part  of  the  Middle  Neocomian  of  Judd  =  zone  of  B, 
aemicanalieulatus  and  allies. 

Lower  division  of  the  Neocomian  from  tbe  top  of  the  Pecten 
cinctuB  zone  down  to  tbe  base  of  the  supposed  Lower  Neocomian 
zone  of  Ammonites  noricus  =  zone  of  B.  jaculum. 

From  the  base  of  the  noriciia-zone  to  the  Coprolite-bed  =  zone  of 
B.  lateralis  (zone  of  Amm.  AsUerianus  of  Judd). 

The  bituminous  shales  below  the  Coprolite-bed  =  zone  of  B. 
Owenii  and  varieties. 

The  clays  of  the  zone  of  Bel.  lateralis  have  strongly  marked 
Jurassic  affinities,  and  it  is  from  this  zone  that  the  coronated  Am- 
monites were  obtained,  these  being  the  beds  supposed  by  Leckenby 
to  be  of  Portlandian  age.    A  very  well-marked  band  of  liodMl^^ 
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with  some  floaUered  ooprolitio  pebbles,  caps  the  lolcralu-bedfly  and 
this  band  constituted  the  "  Coprolite-bed  "  of  Leokeoby. 

The  thickDess  of  the  clays  above  the  coprolites  has  been  ovsr- 
estimated  ;  it  is  probably  not  more  than  300  feet. 

The  ranges  which  have  been  assigned  to  some  of  the  i^raoteristic 
foBsils,  especially  Amm<mte»  ABtierianuB,  Atmrn,  wpeeUmenaU^  and 
ToxasUr  complanatus,  need  to  be  revised  and  altered. 

The  term  '*  Middle  Neocomian/'  as  applied  in  the  Speeton  section, 
is  unnecessary  and  misleading,  seeing  that  a  "  Lower  Neocomian " 
fauna  occurs  both  above  and  below  the  beds  with  Middle  Neooomisn 
types  ;  and,  as  stated  by  Meyer,  marly  shales  exist  between  the  Bed 
Chalk  and  the  Neocomian  clays,  strongly  suggestive  of  a  passage 
from  the  one  to  the  other,  and  these  beds  contain  many  Oault  forma. 
Thus  there  is  probably  at  Speeton  a  continuous  series  of  days  from 
the  Jurassic  to  the  Upper  Cretaceous,  and  the  deposition  of  these 
beds  appears  to  have  gone  on  contemporaneously  with  the  erosion  of 
the  beds  inland. 

2.  ''  Notes  on  the  (Geology  of  Madagascar."  By  the  Bev.  R. 
Baron.  Communicated  by  the  Director-General  of  the  G^logical 
Survey.  With  an  Appendix  on  some  Fossils  from  Madagascar,  by 
B.  Bullen  Newton,  Esq.,  F.G.S. 

The  central  highlands  of  Madagascar  consist  of  gneiss  and  other 
crystalline  rocks,  the  general  strike  of  which  is  parallel  with  the 
main  axis  of  the  island,  and  also,  roughly,  with  that  of  the  crystal- 
line rocks  of  the  mainland.  The  gneiss  is  frequently  hornblendic; 
its  orthoclase  is  often  pink;  triclinic  felspar  also  occurs  in  places; 
biotite  is  the  most  common  mica,  but  niusoovite  is  not  uncommon ; 
magnetite  is  generally  present,  often  in  considerable  quantities. 
The  gneiss  is  often  decayed  to  great  depths,  forming  a  red  soil,  and 
the  loosened  rock  is  deeply  eaten  into  by  streams.  The  harder 
masses  of  gneiss,  having  resisted  decay,  stand  out  in  blocks,  and 
have  been  mistaken  for  travelled  boulders  of  glacial  origin.  Other 
more  or  less  crystalline  rocks  are  mica-scliists,  chlorite-schists, 
crystalline  limestone,  quartzite  (with  which  graphite  is  often  asso* 
ciated),  and  clay -slate. 

Bosses  of  intrusive  granite  rise  through  the  gneisa.  That  east 
of  the  capital  contains  porphyritic  crystals  of  felspar  which  near  the 
northern  edge  of  the  granite  are  arranged  roughly  in  a  linear  direc- 
tion ;  here  also  the  granite  contains  angular  fragments  of  gneiss. 
For  the  most  part  the  granite  of  Madagascar  is  clearly  intrusive, 
but  this  may  not  always  be  the  case. 

The  volcanic  rocks  are  of  much  interest.  The  highest  mountains, 
those  lying  to  the  S.W.  of  the  capital,  consist  in  their  higher  parts, 
of  a  mass  of  lava,  for  the  most  part  basaltic,  but  with  some  sanidine- 
trachyte.  The  lava-streams  are  sometimes  25  miles  long,  and  suc- 
cessive flows,  up  to  500  feet  in  thickness,  are  exposed  by  the  valleys. 
From  the  great  denudation  which  this  area  has  undergone,  and  from 
the  fact  that  no  cones  now  remain,  we  may  assume  that  this  volcanic 
series  is  of  some  antiquity.  Of  the  newer  volcanic  series  there  are 
Mmerous  very  perfect  cones,  dotting  the  surface  of  the  gneiss  in 
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many  places.  No  active  volcano  now  exiets  in  the  island,  bat  the 
occasional  emission  of  carbonic-acid  gas,  the  occurrence  of  numerous 
liot  springs  and  deposits  of  siliceous  sinter,  and  the  frequency  of 
small  earthquake-shocks,  seem  to  show  that  volcanic  forces  are  only 
dormant  and  not  entirely  extinct 

The  ashes  generally  lie  most  thickly  on  the  side  of  the  cone 
between  north  and  west;  this  is  accounted  for  by  the  prevalence 
of  the  south-east  trade-winds.  The  volcanic  areas  are  ranged 
roughly  in  a  linear  direction,  corresponding  with  the  longer  axis 
of  the  island. 

Sedimentary  rocks  oooar  mainly  on  the  western  and  southern 
sides  of  the  island.  The  relations  of  these  to  each  other  have  not 
yet  been  determined ;  but  from  the  fossils  (referred  to  the  European 
standard)  it  seems  that  the  following  formations  are  represented  ; — 
Eocene,  Upper  Cretaceous,  Neocomian,  Oxfordian,  Lower  Oolites, 
Lias.  Possibly  some  of  the  slaty  beds  may  turn  out  to  be  Silurian 
or  Cambrian.  The  crystalline  schists,  etc.,  are  probably,  for  the 
most  part  at  least,  Archsoan.  Becent  deposits  fringe  the  coasts  and 
are  largely  developed  on  the  southern  part  of  the  island. 

East  of  the  central  line  of  watershed  there  is  a  long  depression 
containing  a  wide  alluvial  deposit,  probably  an  old  lake-bed.  Ter- 
races fringe  its  sides  in  many  places.  The  lagoons  of  the  eastern 
coast  are  due  to  alluvial  deposits. 

The  paper  concluded  with  some  remarks  on  the  geological  an- 
tiquity of  the  island,  its  separation  dating  from  early  Pliocene  times, 
if  not  earlier.  This  is  the  conclusion  arrived  at  by  Wallace  from 
its  fauna;  the  author's  detailed  researches  into  its  flora,  recently 
described  before  the  Linnean  Society,  show  that  while  about  five- 
sixths  of  its  genera  of  plants  are  also  found  elsewhere,  chiefly  in 
tropical  countries,  at  least  four-fifths  of  its  species  are  peculiar  to 
Madagascar. 

The  Appendix,  drawn  up  by  Mr.  R.  BuUen  Newton,  F.G.S.,  con- 
sisted of  Notes  upon  the  fossils  collected  by  the  author,  with  tables, 
and  descriptions  of  two  new  species,  namely,  Astarte  (?)  Baroni  and 
Sphara  madagascariensis,  both  from  deposits  of  Lower-Oolitic  age. 

3.  ''  Notes  on  the  Petrographical  Characters  of  some  Hocks  col- 
lected in  Madagascar  by  the  Kev.  K.  Baron."  By  F.  H.  Hatch, 
Ph.D.,  F.G.S. 

This  paper  was  divided  into  two  parts,  the  first  treating  of  the 
petrographical  characters  of  the  older  crystalline  rocks  of  the  eastern 
and  mountainous  part  of  the  island,  the  second  of  the  nature  of  the 
lavas  that  have  been  erupted  from  volcanic  vents  situated  maiuly 
in  the  same  portion  of  the  island. 

L  The  Older  Cryskdline  Bocks  are  represented  in  Mr.  Baron's 
collection  partly  by  foliated  specimens,  partly  by  rocks  showing  no 
parallel  structure  in  the  hand-specimen. 

The  foliated  specimens  have,  with  few  exceptions,  the  structure 
and  composition  of  gneiss.  The  author  subdivided  them  into  an 
acid  and  a  basic  series.  The  acid  series,  which  embraces  rocks  com- 
posed of  abundant  quartz  with  orthoclase  as  the  dominaiit  CeU^sx^ 
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he  terms  gramHte-gneiu ;  the  basic  series,  whidh  consists  of  rooln 
containing  little  quartz  and  much  plagioclase  felspar,  Umaliie^eiM, 

The  uufoliated  specimens  comprise  granite,  gahhro  or  itortte, 
pyroxene-granvliie,  and  pyroxeniie. 

The  majority  of  the  granites  are  of  the  graniUte-tyipe^i.e.  they 
are  granites  with  one  mica;  but  granites  with  two  micas  are  also 
represented. 

The  remainder  of  the  rooks  are  of  a  basic  type.  They  are  in- 
teresting, in  the  first  place,  on  account  of  the  striking  combinations 
of  fresh  and  beautiful  minerals  they  present,  as  for  example: — 
plagioclase,  hypersthene,  olivine,  brown  hornblende  and  green  spinel, 
in  an  olivine-norite ;  or,  plagioclase,  green  pyroxene  (oraphacite  or 
diallage),  bypersthene,  hornblende,  garnet  and  iron-ore,  In  pyroxene- 
granulite ;  or,  again,  diallage  and  bypersthene  in  pyroxenite. 

But  of  greater  interest  is  the  fact  that  these  basic  types,  which 
are  so  well  known  in  other  territories  of  old  crystalline  rocks — 
Saxony,  Brittany,  Scandinavia,  Scotland,  the  Hudson  Kiver,  etc. — 
constitute  in  Madagascar,  as  they  do  at  Kilima-njaro  on  the  adjacent 
mainland,  a  large  part  of  the  ancient  platform  on  the  submerged 
portions  of  which  the  sedimentary  rocks  have  accumulated,  and 
through  which  the  volcanic  lavas  were  erupted. 

ii.  The  Volcanic  Bocks. — In  composition  these  are  acid,  inter- 
mediate and  basic,  mainly  the  latter.  The  acid  and  intermediate 
types  are  described  are  sanidine-trachyte  and  homblende-augite-andesite. 
The  basic  rocks  consist  of  various  types  of  basalt.  They  vary  with 
respect  to  the  presence  or  absence  of  corroded  quartz-grains, 
olivine,  porphyritic  hornblende,  and  biotite.  In  one  interesting  type 
the  hornblende  appears  in  small  idiomorpbic  crystals  as  a  constituent 
of  the  ground-mass.  A  felspar-free  variety,  or  magma-basalt^  is  also 
represented.  This  rock  contains  only  a  small  quantity  of  olivine, 
and  is  therefore  intermediate  between  Rosenbusch's  Limburgite  and 
Dolter's  augitite. 


IL— March  20,  1889.— W.  T.  Blanford,  LL.D.,  P.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : 

1.  **  Supplementary  Note  to  a  Paper  on  the  Rocks  of  the  Atlantic 
Coast  of  Canada."  By  Sir  J.  W.  Dawson,  K.C.M.G.,  F.R.S., 
F.G.S. 

In  a  paper  in  the  "Journal"  for  November,  1888,  the  author 
referred  to  the  Olenellus-fauna  as  characterizing  the  Middle  Cam- 
brian. The  fauna,  he  has  no  doubt,  from  the  recently  published 
observations  of  Walcott  and  Matthew,  should  be  regarded  as  charac- 
teristic of  the  Upper  Member  of  the  Lower  Cambrian.  From  this 
arises  a  new  view  of  the  physical  geography  of  the  period,  namely, 
that  the  Lower  Cambrian  was,  in  America,  a  period  of  continental 
depression,  and  the  Middle  Cambrian  a  period  of  continental  elevation, 
leading  to  the  important  conclusion  that  a  time  of  elevation  inter- 
vened between  the  Huronian  and  the  early  Cambrian,  which  may 
represent  the  apparent  gap  between  these  systems  in  Eastern 
America.     He  thinks  that  this  new  view  deserves  a  special  mention 
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in  connection  with  the  probabiliiy  that  the  Horonian  and  Kewenian 
beds  are  of  littoral  origin. 

2.  "The  Occurrence  of  Colloid  Silica  in  the  Lower  Chalk  of 
Berkshire  and  Wiltshire."  By  W.  Hill,  Esq.,  F.G.S.,  and  A.  J. 
Jukes- Browne,  Esq.,  P.G.S. 

In  the  Lower  Chalk  of  Berks  and  Wilts  are  beds  which  contain  a 
large  amount  of  disseminated  colloid  silica ;  these  are  comparable  in 
general  structure  to  the  Malmstones  of  the  Upper  Greensand.  Dr. 
Hinde's  study  of  the  latter  led  him  to  believe  that  the  globular 
colloid  silica  which  they  contain  was  directly  derived  from  the 
remains  of  siliceous  sponges,  and  the  authors*  studies  of  the  Chalk 
specimens  have  confirmed  this  conclusion  by  adding  several  im- 
portant pieces  of  evidence. 

They  found  that  the  amount  of  free  disseminated  silica  increases 
in  proportion  to  the  number  of  spicules  and  calcite-casts  of  spicules 
which  occur  in  the  rock,  and  observed  that  the  great  similarity  be- 
tween the  siliceous  chalk  and  the  Malmstone  was  heightened  by  the 
occurrence  of  similar  siliceous  concretions  in  both  rocks,  the  material 
of  which  might  be  described  as  siliceous  chalk,  indurated  by  a  cement 
of  chalcedonic  silica.  The  conditions  in  which  the  silica  was  found 
in  the  Lower  Chalk  were  described,  in  examples  varying  from  those 
containing  least  to  those  which  held  most  silica ;  in  the  latter  the 
amount  of  ooUoid  silica  was  estimated  at  12*61  per  cent,  by  weight. 
After  noticing  the  vast  amount  of  silica  present  in  rocks  with  a 
maximum  thickness  of  70-80  feet,  the  authors  discussed  the  diffi- 
culty of  accounting  for  this,  and  drew  attention  to  Prof.  SoUas's 
statement  that  many  living  siliceous  sponges  constantly  shed  some 
of  their  spicules. 

A  further  question  arose  as  to  whether  the  formation  and  accu- 
mulation of  globular  silica  went  on  contemporaneously  with  the 
deposition  of  the  calcareous  material  upon  the  sea-floor,  or  whether 
the  conversion  of  the  spicules  into  such  silica  took  place  after  the 
consolidation  of  the  rock,  and  the  authors  gave  reasons  for  sup- 
posing that  the  latter  was  the  case,  the  change  having  occun*ed 
when  the  rock  was  in  a  sufficiently  oozy  condition  to  admit  of  easy 
molecular  distribution.  Reasons  were  given  for  supposing  that  the 
disseminated  colloid  silica  had  not  been  derived  directly  from  the 
disintegration  of  spicules  in  which  a  globular  structure  had  been 
previously  developed,  but  that  the  globular  silica  was  precipitated 
from  solution  whilst  the  beds  were  still  permeated  by  sea- water. 

The  precipitation  of  the  chalcedonic  silica  was  regarded  by  the 
authors  as  a  secondary  and  subsequent  operation.  They  were  dis- 
posed to  regard  all  nodular  concretions  resembling  flints  and  phos- 
phatic  nodules  as  growths,  which  were  more  or  less  contemporaneous 
with  the  deposition  of  the  materials  of  the  enclosing  rock,  and  in 
conclusion  they  ofifered  some  comments  upon  the  problem  of  the 
formation  of  flints. 

3.  ••  Note  on  the  Pelvis  of  Omithopsis.''  By  Prof.  H.  G.  Seeley, 
F.R.S.,  F.G.S. 

The  remains  preeerved  in  Mr.  Leeds's  collection  at  Eyebury,  and 
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desoribed  by  Hr.  Hulke,  are  the  largest  and  moat  perfect  pelvic 
bones  of  a  Saariscbian  known  in  this  country.  An  examination 
showed  that  the  bones  of  the  right  and  left  sides  were  nnited  in  the 
median  line  almost  througbont  their  length  by  a  median  sntnre,  and 
that  they  formed  a  saddle-shaped  surface  internally  from  front  to. 
back.  After  giving  a  detailed  description  of  the  pubis  and  ischium, 
the  author  stated  that  he  was  not  aware  that  this  type  of  pelvis 
had  been  previously  observed.  He  noted  that  the  antero-posterior 
concavity  between  the  anterior  symphysis  of  the  pubic  bones  and 
the  posterior  symphysis  of  the  iscbia  was  a  well-marked  charao- 
teristic  of  Saurischian  reptiles,  but  that  it  remained  to  be  determined 
to  what  extent  the  median  union  of  the  pubic  bones  was  developed 
in  the  group. 

It  was  impossible  to  judge  of  the  form  of  the  ilium  from  the 
imperfect  fragment  preserved,  but  it  did  not  make  any  recognizable 
approximation  to  the  bone  in  those  American  genera  which  offered 
the  closest  resemblance  of  form  to  the  pubis  and  ischium. 

There  were  several  minor  differences  of  proportion  between  the 
bones  from  the  Oxford  Clay  and  those  from  the  Wealden  of  the 
Isle  of  Wight,  and  the  former  differed  in  ways  pointed  out  from 
Marosaurua,   Diplodocus,  and  Brontosaurus,  though   there  were  re- 

III.— April  3,  1889.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President, 
in  the  Chair. 

The  President  announced  that  according  to  a  circular  lately  re- 
ceived from  the  "  Societe  Geologique  de  France,"  that  Society  pro- 
posed to  hold  its  Extraordinary  Meeting  this  year  in  Paris,  the  date 
being  fixed  for  the  18th  August  next  Meetings  will  be  held  in 
Paris,  the  collections  in  that  city  will  be  visited,  and  there  will  be 
a  series  of  excursions  to  places  of  interest  within  easy  reach  of  Paris, 
on  successive  days  of  the  week  devoted  to  the  Meeting.  These  are 
specified  on  the  circular ;  and  in  the  week  following  the  Meeting, 
excursions  will  be  made  to  more  distant  localities,  of  which  the 
Auvergne  and  Brittany  are  particularly  mentioned,  that  to  the 
former  district  under  the  guidance  of  M.  Michel-Levy,  and  that  to 
Brittany  conducted  by  M.  C.  Barrois.  Arrangements  will  be  made 
with  the  railway  authorities  for  a  reduction  of  50  per  cent,  upon 
the  fares ;  but  in  order  to  secure  this  advantage  the  names  of  persons 
intending  to  attend  must  be  sent  to  the  Secretaries  of  the  Society 
before  the  1st  July,  1889.  British  Geologists,  and  especially 
Fellows  of  the  Society,  are  cordially  invited  to  be  present 

The  following  communications  were  read  : — 

1.  '*  The  Elvans  and  Volcanic  Rocks  of  Dartmoor."  By  R  N. 
Worth,  Esq.,  F.G.S. 

llie  object  of  this  paper  was  to  give  reasons  for  the  belief  that  the 
present  granite  of  Dartmoor  passed  upward  into  felsitic  and  volcanic 
rocks,  remnants  of  which  are  to  be  found  in  the  Triassic  conglome- 
rate of  Devon,  in  the  detritus  of  the  bottom  lands  of  the  moor  itself, 
on  the  beaches  of  the  channel,  and  in  ancient  river-gravels  and 
pebble-beds ;  to  indicate  the  wide  range  of  character  taken  by  the 
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felsites  of  the  Dartmoor  district;  and  to  poiot  out  some  of  the 
evidenoe  which  exists  in  the  in-aitu  el  vans  for  the  development  of 
the  most  varied  of  these  forms  from  a  common  magma. 

Special  opportunities  for  the  study  of  two  of  the  elvanite  dykes  in 
the  neighbourhood  of  Tavistock  have  lately  presented  themselves. 
The  Shillamill  elvan  exhibits  a  centre  composed  of  quartzose  felspar- 
porphyry  graduating  laterally  through  numerous  varieties  into 
'*  claystone  porphyry  ";  whilst  the  Grenofen  elvan  retains  the  same 
structure  in  breadth,  but  changes  in  length  from  a  rock  containing 
so  little  felsitic  matter  that  it  is  essentially  a  fine-grained  porphyritic 
granito,  to  one  with  a  compact  semivitreous  ground-mass,  in  which 
felspars,  quartz,  mica  are  porphyritically  developed. 

As  evidence  afforded  of  the  existence  of  distinctly  volcanic  rocks, 
mention  is  made  of  a  deposit  of  water-borne  and  water- worn  detritus, 
indicating  a  Dartmoor  origin  for  a  large  portion  of  its  constituents, 
along  with  rolled  flints  and  pebbles  of  Carboniferous,  Liassic,  and 
Cretaceous  limestone,  with  which  were  associated  typical  andesites 
and  specimens  of  volcanic  grit  such  as  arise  from  denudation  of 
volcanic  oones.  This  occurs  on  the  limestone  at  Cattedown  near 
Plymouth,  and  bears  testimony  to  a  very  ancient  denudation. 

2.  The  "Basals  of  EugeniacrinidsB."  By  F.  A.  Bather,  Esq., 
B.A.,  F.G.S. 

Although  Professors  Beyrich  and  v.  Zittel  had  alluded  to  certain 
specimens  of  Eugeniaerintu  as  proving,  by  the  course  of  the  axial 
canals,  that  in  this  genus  the  basals  had  passed  up  into  the  radials, 
yet  the  two  chief  authorities  who  subsequently  discussed  the  subject 
practically  ignored  this  argument  M.  de  Loriol  contented  himself 
with  denying  any  trace  of  basals,  while  Dr.  P.  H.  Carpenter  main- 
tained that  the  top  stem-joint  represented  a  fused  basal  ring.  In  a 
previous  paper  the  author  had  argued  in  favour  of  Prof.  v.  Zittel's 
view  without  convincing  Dr.  Carpenter  of  its  correctness.  Such 
scepticism  was,  no  doubt,  warranted  by  the  lack  of  detailed  descrip- 
tion and  of  figures,  llie  object  of  the  present  note  was  to  set  the 
matter  at  rest  by  describing  and  figuring  certain  dorsal  cups  of  Eug, 
caryophyllatus  kindly  lent  to  the  author  by  Prof,  von  Zittel. 

Owing  to  the  mode  of  fossilization  the  canal  system  is  plainly 
seen.  The  axial  canal  passes  up  into  the  radial  circlet  and  gradually 
widens ;  at  a  short  distance  below  the  floor  of  the  calycal  cavity  it 
gives  off  five  interradial  branches;  these  soon  bifurcate,  and  the 
adjacent  radial  branches  oonverge.  Before  they  meet,  each  radial 
branch  gives  off  a  very  short  branch ;  this  connects  the  radial 
branch  with  the  ring-canal  that  contained  the  interradial  and  intra- 
radial  commissures. 

The  evidence  of  all  other  Crinoids  that  have  these  canals  shows 
that  the  basals  always  contain  the  interradial  branches.  And  in 
Eugeniacrintts,  since  the  interradial  branches  have  their  origin  in  the 
middle  of  the  radials,  the  basals  must  have  passed  up  in  between 
the  radials. 

3.  "  On  some  Polyzoa  from  the  Inferior  Oolite  of  Shipton  Gorge, 
Dorset."     By  E.  A.  Walford,  Esq ,  F.G.S. 
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The  author  referred  to  the  little  attention  the  Jaraaeic  Polyzoa 
have  received  in  England,  a  few  scattered  papers  comprising  the 
whole  of  the  literature  of  the  subject.  This  may  be  accounted  for, 
in  part,  by  the  rare  occurrence  of  conditions  favourable  to  the  pre- 
servation of  the  delicate  features  necessary  for  their  true  study,  and 
in  part,  also,  by  the  difficulties  into  which  the  classification  has 
drifted. 

The  series  dealt  with  has  been  collected  from  the  Inferior 
Oolite,  zone  of  AmmoniteB  Parhinaoni,  at  Sbipton  Gorge,  Dorset,  and 
the  number  of  forms  from  the  single  horizon  and  locality  was  stated 
to  be  equal  to  the  whole  of  those  described  by  Jules  Haime  from 
the  Lias  to  the  Kimeridge  Clay.  Associated  with  the  Polyzoa  are 
Crania  Moorei,  and  sp.,  Theeidea,  sp.,  Bhynchonella  aenticosa,  Tere- 
bratula  Phillipni,  AmmoniteB  Mariinaii,  some  Echinoderms,  and  a 
large  series  of  sponges.  The  tranquil  conditions  prevailing  during 
the  deposition  of  the  beds  are  indicated  by  the  presence  of  many 
slender  and  arborescent  forms  of  Polyzoa,  and  the  little  abrasion 
they  have  sufifered,  as  well  as  by  the  presence  of  numerous  sponges. 

The  author,  in  briefly  reviewing  the  Cyclostomata,  adopts  the 
simple  divisions  of  Mr.  Waters,  the  Parallelata  and  Bectangulata, 
based  upon  the  Hincksian  system.  The  disregard  of  zoarial  growth, 
in  any  great  degree,  as  a  means  of  classification,  would  lead  to  con- 
fusion under  the  present  modes  of  grouping ;  neither,  however,  can 
any  great  constancy  be  found  in  the  form  of  the  zooecia  or  in  the 
shape  of  the  aperture. 

In  the  group  Stomatopora  six  species  are  recognized,  of  which 
two  are  new.  Amongst  the  Prohosciua  is  a  species  described  in 
that  stage  of  growth  as  Prohoscina  spatiosa,  which  passes  into  both 
Tubuliporoid  and  Diastoporoid  forms,  and  also  in  the  latter  phase 
throws  ofif  erect  Entalophoroid  branches.  The  author  has  used  the 
same  specific  name  for  each  form,  though  describing  them  under 
di£ferent  generic  names.  Considerable  variation  in  size  and  sbape 
of  cell  occurs  in  each  stage.  The  Idmonea  are  represented  by  two 
new  species  and  two  new  varieties;  Bisidmonea  by  one  form  only. 
Though  the  latter  has  much  the  appearance  of  Entulophora,  the 
character  of  the  ovicell  is  so  definitely  that  of  the  associated  Idmouea 
as  to  decide  its  relationship,  and  it  has  also  the  cell -type  of  Idvionea, 
In  the  group  Entalophora  d'Orbigny's  Cretaceous  species  Entalo- 
phora  raripora  and  £,  subgracHis  are  quoted,  the  latter,  however, 
under  a  varietal  form.  E,  anomala,  Manz.,  JS.  richmondienais,  Vine, 
and  one  new  species,  E,  magnipora,  complete  the  list  so  far. 


Western  Australia. — From  Reports  received,  it  appears  that 
the  Gold-fields  of  this  Colony  are  likely  to  prove  as  rich  as  those 
of  Eastern  Australia.  But  we  are  still  more  glad  to  learn  that  the 
Coal-seams  on  the  Irwin  River,  noticed  by  Gregory  in  1863,  are 
now  being  successfully  worked,  and  promise  excellent  results. 
Western  Australia  has  already  450  miles  of  railroad,  and  if  coal 
can  be  obtained  close  to  ihe  northern  terminus  at  Geraldton,  it  will 
be  of  the  highest  value. 
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T. — On  a  New  SPEomsN  op  Histionotus  angulabis,  Egerton. 

By  J.  G.  Mamsbl-Plbtdbll,  F.L.S.,  F.G.S. 

(PLATE  VII.) 

TJISTI0N0TU8  ANOULABIS,  was  first  described  and  figured 
-"■  by  tbe  late  Sir  Philip  de  M.  Grey  Egerton,  Bart.  F.R.S.,  in 
Decade  viii.  of  the  Memoirs  of  the  Geological  Survey,  1853.  The 
uninterrupted  dorsal  fin,  extending  from  near  the  occiput  to  the  tail, 
suggested  the  generic  name  of  Histionotiis,^  and  in  this  feature  it  re- 
resembles  Ophiopfia.  It  has  the  characters  also  of  other  genera,  for 
instance,  Fholidopharus  in  its  scales,  Semionotus  in  the  shape  of  its  body, 
and  Lepidotus  in  the  shape  of  its  head.  Sir  Philip  Egerton,  misled  by 
the  imperfect  preservation  of  the  posterior  end  of  his  specimen, 
thought  the  caudal-fin  to  be  also  similar  to  that  of  Lepidotus,  By  a 
singular  coincidence,  a  fine  specimen  of  Lepidotus  minor  lies  side  by 
side  on  the  same  slab  with  the  subject ;of  this  note  (Pi.  YII.),  and  the 
caudal  fin  of  each  is  well  exposed,  showing  that  of  Lepidotus  to  be 
comparatively  short  and  truncate,  while  that  of  Histionotus  is  deeply 
forked.  In  its  crushed  condition,  the  upper  lobe  in  Histionotus  is 
longer  and  larger  than  the  lower  lobe ;  but  this  is  proved  to  be  a 
deceptive  appearance  by  another  example  of  the  genus  I  have  since 
met  with  from  the  same  quarry  which  displays  the  symmetry  of  the 
tail-fin,  the  lobes  being  beautifully  shown  of  equal  length. 

The  outline  of  the  upper  portion  of  the  body  is  triangular,  rising 
abruptly  from  the  snout  to  a  distance  of  20  millim.  beyond  the  base 
of  the  occiput  along  the  dorsal  ridge,  and  then  descending  by  a  less 
abrupt  graidient  from  this  culminating  point  to  the  base  of  the 
caudal  £m,  a  distance  of  85  millim.  The  depth  of  the  body  at  the 
most  elevated  part  of  the  dorsal  ridge  to  the  pectoral  fin  is  65  mm., 
to  the  shoulder-girdle  33  mm. 

The  anterior  margin  of  the  first  ray  of  the  dorsal  fin,  which  is 
stouter  than  the  others,  is  furnished  with  a  series  of  fulcral  rays. 
The  remaining  rays,  of  which  there  are  more  than  twenty, 
bifurcate  about  half-way  from  the  base,  and  the  distal  halves  are 
again  bifurcated  and  cleft.  The  pectoral  fin  consists  of  seven  rays, 
of  which  the  first  is  the  longest  and  stoutest,  and  all  are  bifurcate 

'  l<rrlos,  a  sail,  tfurosy  a  back. 
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and  split  Each  yentral  fin,  which  is  20  mm.  long,  baa  only  four 
lays,  the  first  exceedingly  stout  and  furnished  with  a  series  of  large 
marginal  fulcra;  and  all  the  rays  are  transversely  articulated  or 
jointed  beyond  the  point  of  bifurcation.  The  anal  fin  has  four  rays 
also,  and  is  the  smallest  of  all ;  the  length  of  the  largest  ray  being 
15  mm.  The  caudal  fin  consists  of  eight  rays  in  each  lobe,  the 
upper  lobe  appearing  40  mm.  long,  whereas  the  lower  is  only 
25  mm.  llie  margins  of  the  upper  ray  of  the  larger  lobe  and  of 
the  lower  ray  of  the  smaller  are  furnished  with  a  series  of  large 
fulcra  which  probably  increased  the  locomotive  power  of  the  tail. 

The  depth  of  the  shoulder-girdle  is  25  mm.,  and  the  breadth  of 
the  post-clavicular  plates  (p.  cl.)  5  mm.  The  opercular  apparatus 
is  well  preserved,  showing  distinctly  the  operculum  {op.),  sub- 
operculum  («.  op.),  interoperculum  (t.  op.),  and  preoperculum 
{p.  op.),  besides  a  few  branchiostegal  rays  {br.).  These,  like  the 
post-clavicular  plates  of  the  shoulder-girdle,  are  all  enamelled. 

The  bones  of  the  head  are  much  crushed.  The  maxillae,  although 
perfect,  are  displaced;  and  a  portion  of  the  right  premaxilla  is 
preserved,  showing  seven  teeth,  with  part  of  the  eighth.  These 
teeth  are  styliform,  slender,  straight,  and  smooth,  and  appear  to 
decrease  in  size  from  front  to  back.  The  largest  is  2  mm.  in  length. 
The  vomerine  bones  are  hidden,  which  unfortunately  prevents  our 
ascertaining  whether  or  not  the  roof  of  the  mouth  is  armed  with 
teeth.  The  orbit  is  obliterated  by  the  intrusion  of  the  underlying 
skull-bones. 

The  scales  of  the  body  are  small  as  compared  with  those  of 
Lepidotus,  and  are  not  so  lustrous.  Those  of  the  flank  measure 
6  mm.  in  depth  and  2  mm.  in  breadth.  They  are  rhomboidal  in 
shape,  finely  pectinated  on  the  posterior  exposed  margin,  arranged 
obliquely  in  rows  from  the  dorsal  to  the  ventral  region,  twelve  in  a 
series.  The  lateral  line  from  head  to  tail  extends  along  the  middle 
of  the  flank.  Between  the  last  ray  of  the  dorsal  fin  and  the  base  of 
the  caudal,  are  three  double-cone-shaped  lustrous  ridge-scales,  which 
may  have  served  to  strengthen  this  attenuated  part  of  the  body, 
enabling  it  to  resist  the  strain  upon  it  when  the  caudal  fin  was  in 
action. 


Length  of  body       

tail,  upper  lobe 
„    lower  lobe 
f ,         Qe&Q        ...     . . . 

Breadth  of  head      


1-80  m. 
0*50  m. 
0*30  m. 
0-46  m. 
0*40  m. 


EXPLANATION  OF  PLATE  VII. 

Histionotus  angularU,  Egerton ;  right  lateral  aspect  of  fUh,  nat.  size.  Middle 
Purbeck  Beds,  Swanage,  Dorsetshire,  br.  branchiostegal  rays.  t.  op.  interoper- 
culum. op,  operculum,  p.  cl,  post-claricular  plates,  p,  op.  preoperculum.  t.  op. 
suboperculum. 

The  specimen  from  which  the  abore  description  is  taken,  and  which  is  figured  in 
the  accompanying  plate,  was  procured  by  me  from  a  quarry  at  Herston,  near 
Swanage,  Miadle  Purbeck.  It  is  now  preserved  in  the  Dorset  County  Museum, 
Dorchester. 

Whatcombe,  Blandford,  Do&setshibb. 
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II. — On  Statioal  akd  Dynamioal  Metamorphism. 

By  Prof.  John  W.  Judd,  F.R.8. 

T  has  long  been  reoognized  by  geologists  that  rock -masses  which 
have  undergone  movement,  and  have  thereby  been  subjected  to 
internal  stresses,  exhibit,  as  the  consequence  of  the  action  upon  them 
of  such  mechanical  forces,  nnmistakeable  evidences  of  having  been 
greatly  modified,  alike  in  their  mineralogical  and  in  their 
structural  characters.  That  the  most  complete  and  striking  examples 
of  such  changes  are  to  be  found  in  the  rock-masses  which  constitute 
mountain-chains — ^rook-masses  which  have  actually  been  made  to 
*'  flow,"  and  in  so  doing  have  been  subjected  to  shearing  movements 
of  the  most  intense  character — was  clearly  pointed  out  by  Scrope, 
Darwin,  Sharpe,  Naumann,  and  Dana;  all  of  whom  referred  the 
foliated  structure  exhibited  by  such  rock-masses  to  this  cause. 

The  careful  study,  in  recent  years,  of  the  actual  processes  involved 
in  bringing  about  such  changes,  has  rendered  necessary  the 
adoption  of  certain  terms,  to  define  the  nature  of  the  action  in 
particular  cases.  In  1869,  Lossen  proposed  to  call  the  changes 
produced  during  rock-movements  *'  dislocation-metamorphism '' 
(dislocationsmetamorphismus) ;  ^  while  four  year  .  later  Baltzer 
invented  the  term  **  mechanical  metamorphism "  (meohanischer 
metamorphismus) ;  ^  in  1884  Gosselet  suggested  the  term  **  friction- 
metamorphism "  (m6tamorphisme  par  friction) ;  ^  and  in  the 
following  year  Oiimbel  employed  the  name  "  compression-meta- 
morphism  "  (stauungsmetamorphose) ;  ^  while  in  1886  Bonney  pro- 
posed to  use  the  term  '*  pressure-metamorphism." ' 

Rosenbusch,  in  the  same  year,  seeking  to  bring  clearly  into 
view  the  consideration  that  the  special  kind  of  metamorphism 
referred  to  is  only  produced  when  the  mechanical  forces  effect 
movement,  and  thus  do  work,  suggested  the  term  Dynamical  meta' 
morphism  or  dynamometamarphism ; '  and  this  term,  if  not  absolutely 
free  from  objections,  is  so  convenient  that  it  bids  fair  to  be  generally 
adopted. 

There  is  perhaps  at  the  present  time  a  tendency  to  exaggerate  the 
results  of  this  particular  agency  of  dynamical  metamorphism,  and  to 
overlook  or  minimize  the  importance  of  other  contributory  causes  to 
the  alteration  of  rock-masses.  I  desire  in  this  note  to  call  especial 
attention  to  the  remarkable  effects  which  result  from  the  chemical 
and  crystallizing  processes  which  certainly  go  on  at  great  depths, 
and  under  enormous  pressures,  even  when  the  rock-massea  do  not  yield 
to  the  pressures  and  thus  become  subjected  to  the  movements  which 

^  Zeitschr.  d.  d.  geol.  Gesellsch.  Bd.  xxi.  pp.  282-340. 

2  Der  Gliiriiisch  (1873).  p.  58. 

'  Ann.  See.  Geol.  du  Nord.  xi.  (1884),  p.  188. 

*  Geol.  Ton  Bayem,  i.  p.  379. 

s  Ann.  Address  Oeol.  Soc.  Q  J.G.S.  vol.  xlii.  (1886),  p.  62. 

•  Der  Massige  Gesteine,  2nd  ed.  1886. 
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result  in  dynamometamorphio  action.  Suoh  ohaiigea,  resolting  from 
pressures  that  do  not  effect  movements  in  the  rook-masaes,  may  he 
appropriately  called  **  statical  metamorphism." 

The  researches  of  modem  physicists  are  beginning  to  enable  us  to 
realize  what  are  the  chief  factors  in  these  processes  which  go  on  at 
great  depths  within  the  earth's  crust.  The  striking  experiments  of 
Guthrie  have  shown  that  there  is  a  perfect  gradation  between  the 
states  of  fusion  and  solution,  and  have  enabled  us  to  realise  the  im- 
portant part  played  by  even  small  quantities  of  water  or  other  liquids 
held  under  great  pressure  in  the  deeper  and  highly  heated  masses  of 
the  earth's  interior.*  The  researches  of  Spring,  van't  Hoff,  Eeicher, 
and  others  have  shown  the  effects  of  pressure  in  bringing  the  mole- 
cules of  solid  bodies  sufficiently  close  to  one  another  for  chemical 
affinity  to  operate  between  them ;  and  especially  significant  to  the 
geologist  is  a  recent  conclusion  arrived  at  by  the  first-mentioned 
physicist,  that  when  the  particles  of  a  solid  are  bronght  into  juxta- 
position by  the  action  of  mechanical  force,  the  chemical  processes 
may  go  on  even  after  the  pressure  is  removed.  Time,  it  is  thus  shown, 
may  become  an  important  factor  in  such  changes.'  And,  lastly,  Van 
der  Waals  in  his  remarkable  essay  on  **  The  Continuity  of  the  Gaseous 
and  Fluid  States  "  has  shown  that  "  all  bodies  can  mix  with  one  another 
when  the  pressure  exceeds  a  certain  value,** ' 

That  at  great  depths  and  under  the  enormous  pressures  within  the 
/  earth's  crust,  the  whole  substance  of  solid  rocks — crystallized  minerals 
and  glassy  groundmass  alike — may  be  traversed  by  various  liquids 
land  g£i8es,  I  think  it  is  impossible  to  doubt.     In  various  papers  in 
*  which  I  have  endeavoured  to  establish  and  illustrate  the  theory  of 
^  **Schillerization,"*  I  have  shown  that  rocks,  which  at  any  point  of 
their  history  have  been  deep-seated,  have  undergone  very  remarkable 
changes — their  minerals   having  been   metamorphosed   and   trans- 
formed, and  their  original  structure  sometimes  completely  altered ; 
these  changes,  which  have  taken  place  quite  independently  of  any 
movement  that  the  rock-masses  may  have  been  subjected  to,  can  there- 
fore be  spoken  of  as  statical  metamorphism.    A  striking  illustration  of 
the  truth  of  the  conclusions  arrived  at  by  Van  der  Waals  is  afforded 
by  the  fact,  that  in  the  interior  of  rock-forming  crystals,  we  find 
cavities  (indisputably  formed  by  solvent  action  long  subsequently 
to  the  formation  of  the  minerals  themselves),  containing  at  the  same 
time,  various  supersaturated  aqueous  solutions  and  also  carbon-dioxide 
retained  in  the  liquid  condition  by  pressure. 

It  may  be  of  interest  at  the  present  time  to  draw  a  comparison 

1  The  bearings  of  Dr.  Guthrie^s  researches  on  geological  problems  haye  been 
already  pointed  out.    See  this  Magazine,  Dec.  III.  Vol.  Y.  p.  1,  1888. 

*  Amer.  Joum.  Sc.  3rd  ser.  vol.  xxivi.  (1888),  p.  288. 

3  I  am  indebted  to  my  colleague  Prof.  Riicker,  F.R.S.,  for  calling  my  attention  to 
the  valuable  researches  of  Van  der  Waals, which  have  had  such  an  important  influence 
on  the  views  of  physicists.  His  essay,  which  was  translated  from  the  original  Dutch 
into  German  in  1881,  is  now  about  to  be  issued  in  English  form  by  the  Physical 
Society. 

*  Quart  Joum.  Geol.  Soc.  vol.  xli.  (1885),  pp.  374-389;  Mineralogical  Magazine, 
Tol.  vii.  (1886),  p.  81. 
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between    the    effects    of    statical    and    dynamical    metamorphism 
respectively. 

Setting  aside  the  more  purely  mechanical  effects  which  may 
precede  or  accompany  dynamical  metamorphism — such  as  cleavage, 
jointing,  the  crushing  or  deformation  of  included  fragments,  the 
stretching  of  rocks,  and  the  production  of  "  mylonitic  "  bands — the 
results  of  this  agency  may  be  classified  as  follows : — 

First — ^The  inducement  of  metamorphoses  in  the  constituent 
minerals  of  a  rock.  That  minerals  are  capable,  without  losing 
their  identity,  of  undergoing  remarkable  metamorphoses,  whereby  | 
their  chemical,  crystallographical,  optical  and  other  physical  I 
properties  may  be  modified  within  certain — though  often  indeed  \ 
very  wide — limits,  is  now  beginning  to  be  recognized  by  both  ^ 
mineralogists  and  geologists.  The  production  of  twin-lamellation 
in  many  minerals  by  internal  and  external  stresses,  and  the  defor« 
mation  of  crystals  by  these  means,  so  that  they  assume  not  only  the 
external  angles,  but  the  internal  structure  and  the  optical  properties 
of  complex  twins  belonging  to  a  system  of  lower  symmetry  than  their 
own,  are  now  well-recognized  facts.  An  admirable  illustration  of  this 
action  is  afforded  by  the  production  of  microcline  from  orthoclase. 
The  beautiful  experiments  of  Des  Cloizeaux,  Dufet  and  Bucking  on 
this  same  mineral  species,  orthoclase,  have  shown  that  both  by  heating 
and  by  pressure  the  position  of  the  optic-axial  plane,  and  the  angle 
between  the  axes  may  undergo  temporary  changes;  while,  if  the 
temperature  or  pressure  pass  beyond  a  certain  limit,  these  changes 
become  permanent.  The  study  of  the  minerals  of  the  enstatite-group 
has  shown  that  as  certain  chemical  changes  go  on  within  their 
crystals,  these,  while  retaining  their  orthorhombic  symmetry,  may 
undergo  the  most  remarkable  modifications,  not  only  in  their  colour, 
pleochroism,  and  absorption,  but  also  in  their  index  of  refraction,  in 
the  sign  and  intensity  of  their  double  refraction,  in  the  position  of 
their  optic-axial  plane  and  in  the  angle  between  their  axes ;  and 
further,  that,  changes  in  specific  gravity,  in  hardness  and  in  fusibility 
may  accompany  these  several  modifications. 

That  the  form  and  position  of  the  ellipsoid  of  elasticity  in  a  crystal 
may  be  altered  temporarily  and  even  permanently  by  the  action  of 
heat,  pressure,  or  chemical  agencies,  is  a  phenomenon  for  which  we 
ought  to  be  fully  prepared ;  and  it  is  upon  the  form  and  position  of 
this  ellipsoid  that  the  so-called  opticed  "  constants  "  of  a  mineral 
depend. 

That  the  metamorphoses  which  have  been  more  or  less  fully 
investigated  in  the  case  of  a  few  species,  like  orthoclase,  enstatite, 
selenite,  eta,  are  not  confined  to  those  species  must  be  clear  to  all 
who  have  been  in  the  habit  of  studying  the  so-called  ''  optical 
anomalies "  of  minerals ;  and  such  <*  anomalies "  are  especially  fre- 
qaent  in  the  case  of  the  common  rock-forming  species.  When  we 
remember  the  nature  of  the  forces  to  which  the  constituent  minerals 
of  rooks  must  have  necessarily  been  subjected  in  many  cases,  we 
shall  cease  to  wonder  at  this  result 

Secondly.  As  there  must  be,  in  every  case,  a  limit  \>^^oxi^'w\iv^  ^ 
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mineral  cannot  change  wiihont  losing  its  identity^  the  final  result  of 
the  internal  stresses  set  np  in  a  rock-mass  is  that  the  constitaent 
minerals  are  gradually  transformed  into  totally  different  ones.  This 
transformation  may  take  place  in  two  difEerent  ways  : — ^Fir8t» 
paramorphic,  or  change  into  a  new  mineral  species  crystallizing  in 
the  same  or  a  different  system,  but  having  the  same  chemical 
composition;  or  secondly,  metachemic  (to  use  Dana's  convenient 
term)  ^  when,  in  consequence  of  the  addition  or  subtraction  of 
materials,  or  of  both  of  those  processes  combined,  the  chemical 
composition  as  well  as  the  crystallographioal  characters  of  the 
substance  undergoes  complete  alteration. 

Thirdly, — This  change  in  the  mineralogical  constitution  of  a  rock 
may  be  accompanied  by  a  modification,  more  or  less  complete,  in  its 
structure.  The  structures  which  usually  result  from  the  action  of 
dynamical  metamorphism  are  the  granuiitic,  and  the  foliated  or 
ichistose.  It  must  be  remembered  that  while  these  changes  in  struc- 
ture may  undoubtedly  take  place  in  rock-masses  which  have  long 
since  acquired  the  solid  condition,  they  are  also  liable  to  arise  in 
masses  which  are  still  in  a  plastic  or  viscous  condition,  and  as  the 
result  of  a  primary  rather  than  of  a  secondary  crystallization  when 
the  mass  is  under  the  influence  of  internal  stresses  and  movements. 
I  have  shown  how  completely  the  granulitic  structure  may  he 
developed  on  the  sides  of  great  intrusive  masses  of  gabbro ;  and 
General  McMabon  has  well  illustrated  the  production  of  foliation  in 
intrusive  granite- veins.  Even  in  hypocrystalline  rocks,  like  the 
more  acid  lavas,  as  Scrope  and  Darwin  so  admirably  proved,  the 
shearing  movements  in  a  slowly  moving,  viscous  mass  give  rise  to 
phenomena  having  the  most  striking  resemblance  to  the  foliation  of 
the  crystalline  schists. 

Let  us  now  direct  our  attention  to  the  class  of  changes  which  take 
place  in  rocks  which  are  subjected  to  great  pressure,  but  in  which 
this  pressure  has  not  produced  differential  movement  resulting  in 
shearing.  In  these  cases  the  most  potent  agency  by  which  change 
is  effected  consists  in  the  penetration  of  the  whole  mass  of  the  rock 
by  various  liquid  or  gaseous  solvents.  It  is  for  the  whole  group  of 
such  changes — of  which  "  schiUerization  "  is  a  conspicuous  example 
— that  I  propose  to  employ  the  term  Biatical  metamorphism.  Suoh 
statical  metamorphism  can  often  be  shown  to  have  taken  place  in  the 
same  rock -masses  which  have  undergone  dynamical  metamorphism 
— the  statical  metamorphism  either  preceding  or  following  the 
dynamical  metamorphism. 

The  effects  of  statical  metamorphism  may  be  conveniently  classed 
under  the  same  three  headings  which  we  have  employed  in  consider- 
ing the  results  which  are  produced  by  dynamical  metamorphism. 

First. — The  metamorphoses  of  the  constituent  minerals  in  a  rock. 
We  cannot  perhaps  better  illustrate  the  nature  and  variety  of  the 
changes  which  take  place  in  minerals  subjected  to  great  pressures 

^  Amer.  Joum.  8ci.  (1886),  vol.  xxxii.  p.  69-71. 
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than  by  referring  again  to  the  very  widely  distributed  species  ortho- 
olaee.  This  mineral,  aooording  as  it  has  been  formed  near  the  surface 
or  at  great  depths,  assumes  the  special  crystallographio  habit,  the 
lustre,  density  and  other  properties  which  characterize  sanidine  and 
adularia  respectively.  But,  subsequently  to  their  formation,  the 
crystals  may  have  their  optical  characters  completely  altered  either 
by  heat  or  pressure,  so  that  the  position  of  the  optic-axial  plane  and 
the  angle  between  the  axes  change  to  those  of  anomalous  orthodase 
(orthose  deform6).  On  the  other  hand,  the  great  mechanical  stresses, 
to  which  rock-forming  orthoclases  have  in  some  cases  been  sub- 
jected, has  frequently  caused  them  to  assume  the  external  angles, 
the  internal  structure  and  the  optical  properties  characteristic  of 
meroeline. 

But  there  are  a  number  of  other  changes  that  orthoclase-crystals 
are  subject  to,  which,  though  they  have  certainly  been  produced  only 
in  crystals  that  have  existed  in  deep-seated  rock-masses,  yet  cannot 
be  referred  to  any  process  of  dynamic  metamorpbism. 

Almost  univenally,  the  crystals  of  orthoclase  in  such  deep-seated 
rock-masses  are  found  to  have  lost  their  transparency  and  vitreous 
lustre,  and  to  have  acquired  the  opacity  and  pearly  lustre,  often  with 
the  red,  pink,  grey  or  green  tints  distinctive  of  common  orthoclase. 

Sometimes  the  separation  by  chemical  agencies  of  minute  particles 
in  the  transparent  mass  has  gone  on  in  such  a  manner  as  to  give 
rise  to  the  scattering  of  light  which  results  in  **  opalescence."  We 
have  thus  produced  the  opalescent  orthoclase,  some  forms  of  which 
are  known  as  **  moonstone." 

If  the  change  results  in  the  formation  and  infilling  by  foreign 
deposits  of  negative  crystals  lying  in  their  solution  planes,  then  the 
result  is  an  avanturine  or  schiUer  orthoclase,  to  which  some  of  the 
so-called  ''  sunstones  "  must  be  referred. 

If  the  structures  developed  in  the  crystals  by  these  agencies  be  of 
ultramicroscopical  dimensions,  we  may  have  the  beautiful  interference 
phenomena  produced,  which  are  characteristic  of  iridescent  orthoclase. 
The  important  researches  of  Stokes  and  Maulan,  and  especially  those 
recently  undertaken  by  Lord  Bayleigh,  upon  the  artificially  formed 
iridescent  crystals  of  chlorate  of  potash,  promise  to  throw  much 
new  light  upon  the  obscure  question  of  the  theory  of  such  a  play 
of  colours  as  exhibited  by  certain  minerals. 

The  chemical  changes  which  take  place  along  certain  definite 
planes  within  a  crystal  of  orthoclflise  may  result,  not  only  in 
developing  a  particular  lustre  along  these  planes,  but  also  in  giving 
rise  to  a  tendency  to  division  along  them  (pseudo-cleavage),  and 
we  thus  get  the  beautiful  variety  known  m  Murchisonite. 

Lastly,  the  crystal  after  having  undergone  any  or  all  of  the 
changes  above  indicated,  may,  in  consequence  probably  of  changes 
of  temperature,  break  up  more  or  less  regularly  along  certain  planes 
(**  contraction-rifts ") ;  and,  in  the  clefts  thus  produced,  secondary 
deposits  of  albite  or  some  other  form  of  felspar  may  be  deposited 
giving  rise  to  the  varieties  known  as  Perthite  and  Microperthite. 

Similar  series  of  changes  may  be  traced  in  the  case  of  many — 
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perhaps  of  all — the  rook-forming  mineralsy  wfaioh  ha^e  been  subjected 
to  deep-seated  ohemioal  action  within  the  earth's  omst. 

Secondly. — ^The  mineral  (often  greatly  altered  in  its  chemical 
constitution  by  one  or  other  of  the  processes  above  described)  may 
undergo  complete  transformation — either  paramorphio  or  meta- 
chemio.  Thus  orthoclase,  according  to  the  nature  of  the  solvents  and 
the  conditions  under  which  they  operate,  may  be  converted  wholly 
or  in  part  into  a  zeolite,  into  musoovite  or  some  hydrous  mica,  into 
epidote,  into  a  kaolinite,  or  into  some  other  type  of  mineral. 

It  may  be  interesting  to  illustrate  in  a  tabular  form  the  chief 
metamorphoses  to  which  the  species  orthoclase  appears  to  be  subject, 
and  the  complete  transformations  of  which  it  is  ultimately  susceptible : 

A.  Forms  depemUnt  upon  th$  conditions  under  which  the  crystaU  were  originaUy 

produced, 

Adalaria.  Sanidine. 

B.  Forms  resulting  from  physical  or  chemical  changes,  induced  hy  statical  or 

dynamical  metamorphism. 

Anomalous  Orthoclase  Common  Orthoclaae. 

(Othoee  deform^].  Opalescent  Orthoclase. 

Microcline.  ATantnrine  Orthoclase. 

Iridescent  Orthoclase. 

Murchisonite. 

Perthite. 

C.  New  minerals  resulting  from  the  further  alteration  of  Orthodaee, 

Zeolites.  Micas. 

Epidotes,  etc.  Kaolinites,  etc. 

Thirdly, — Statical  metamorphism,  by  giving  rise  to  the  development 
of  new  minerals  in  a  rock  or  to  the  growth  of  old  ones,  may  lead  to 
a  complete  change  in  the  structure  of  a  rock.  Holocrystalline  rocks 
are  those  in  which  the  whole  of  the  materials  have  acquired  the  crystal- 
line character  without  interruption,  the  time  before  their  complete 
solidification  having  been  sufficient  for  the  prevention  of  any  im- 
perfectly crystallized  residue  being  left.  Such  rocks  may  be  regarded 
as  being  in  the  most  stable  condition.  But  with  the  hypocrystalline 
rocks  the  case  is  otherwise.  We  have  a  stable  portion  produced  by 
the  uninterrupted  action,  up  to  a  certain  point,  of  crystallization, 
and  an  unstable  portion  produced  during  the  more  sudden  solidifi- 
cation of  the  residue.  In  such  a  rock,  when  subjected  to  the  process 
of  statical  metamorphism,  the  stable  crystals  may  grow  at  the 
expense  of  their  unstable  surroundings,  and,  as  I  have  recently 
shown,  many  new  and  remarkable  rock-structures  may  result  from 
this  process.' 

It  is  very  difficult  to  define  any  limits  to  the  processes  of  statical 
metamorphism.  The  effects  of  such  operations  can  be  best  studied 
in  the  case  of  igneous  rocks — especially  those  belonging  to  a  late 
period  in  the  earth's  history — that  have  been  situated  near  volcanic 
centres  and  afterwards  exposed  to  our  study  through  denudation.  In 
such  cases  the  phenomena  which  have  to  be  investigated  are  less  liable 
1  Quart.  Joum.  Geol.  Soc.  toI.  xlv.  pp.  175-186  (1889). 
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to  be  oomplioated  and  obBoaied  by  the  results  of  other  processes  of 
change,  than  in  older  rock-masses  of  similar  origin.  Around  volcanic 
centres,  too,  the  rate  of  the  rise  of  the  temperature  with  descent  is 
probably  more  rapid,  and  the  solvent  agents  are  more  abundant  than 
elsewhere ;  and  it  is  also  more  easy  to  trace  the  effects  of  these  agents 
upon  the  definite  minerals  making  up  the  plutonic  rocks,  than  in 
other  cases.  But  all  rocks  at  great  depths  must  be  subjected  to  high 
temperatures,  to  enormous  pressures,  and  to  some  solvent  agents ; 
and  it  may  well  be  that  at  such  depths  a  condition  approaching  to 
fusion  or  to  solution  may  be  reached,  which  permits  of  perfect  re- 
crystallization  of  the  rock  materials ;  such  a  state  of  things  would 
seem  to  be  advocated  by  Dr.  A.  0.  Lawson  and  Dr.  G.  Dawson,  as 
having  probably  occurred  in  the  case  of  the  rocks  which  cover  so 
large  an  area  in  Canada. 

I  cannot  perhaps  better  illustrate  the  complicated  results  of  the 
joint  action  of  statical  and  dynamical  metamorphism  than  by 
referring,  as  briefly  as  possible,  to  the  cycle  of  changes  which  can 
be  shown  to  have  occurred  in  the  case  of  a  particular  rock. 

The  so-called  Apatit-bringer  of  Oedegarden,  near  Bamle,  in 
Norway,  is  a  rock  consisting  essentially  of  hornblende  and  scapolite, 
which,  as  shown  by  the  beautiful  experiments  of  Fouque  and  Michel 
Levy,  can,  by  fusion  and  slow  cooling,  be  converted  into  an  aggregate 
pyroxene  and  felspar.  That  Uie  rock  was  originally  a  pyroxene- 
felspar-rock  which  has  been  metamorphosed  into  a  homblende- 
scapolite  one,  the  observations  of  Sjogren  and  others  sufficiently 
indicate,  and  we  are  now  able  to  show  the  exact  series  of  processes 
by  which  the  transformation  has  been  effected.^ 

In  certain  specimens  the  pyroxene  (an  enstatite)  may  be  seen 
to  have  acquired,  through  a  process  of  statical  metamorphism,  the 
peculiar  characters  of  bronzite ;  and,  by  the  same  means,  layers  of 
cavities  are  developed  along  the  twin -planes  of  the  felspars,  which 
cavities  are  filled  with  supersaturated  solutions  of  sodic  chloride. 

Statical  metamorphism  having  carried  the  change  thus  far,  dynami- 
cal metamorphism  has  next  come  into  play,  and  the  bronzite  has 
been  converted  into  hornblende  and  the  mixture  of  felspar  and  sodio 
chloride  into  scapolite ;  the  former  by  a  paramorphic,  the  latter  by 
a  metachemic  transformation.  At  the  same  time  the  structure  of  the 
rock  has  been  changed  from  a  granitic  to  a  granulitic  one. 

This  particular  case  is  one  of  more  than  ordinary  interest  from 
our  being  able  to  study  all  the  stages  in  the  complete  cycle  of 
change,  from  a  pyroxene-felspar  rock  to  a  homblende-scapolite  one, 
and  back  again  to  the  former.  But  there  are  many  other  instances 
in  which  careful  study  may  enable  us  to  follow  many  of  the  succes- 
sive steps  by  which  very  similar  changes  have  been  gradually 
effected. 

^  Mineralogical  Magazine,  vol.  yiii.  p.  186. 


250         Copt  Marshall  Hall — Sicias  Geological  Excursion, 
ni. — A  Week's  Geoloqioal  Exoubston  to  the  Swiss  Alps. 

Bt  Gapt.  Mabbhall  Hall,  F.G.S.,  F.G.S.,  etc. 

THE  following  notes  were  drawn  up  by  the  writer  some  years 
since  as  a  sketch  for  an  excursion  by  members  of  the  G^logists' 
Association  to  the  Alps,  and  it  may  perhaps  still  prove  acceptable  to 
geologists  who  this  year  intend  to  visit  Switzerland  for  the  first  time. 

Leaving  London  any  morning  and  proceeding  onwards  by  the 
night-train  from  Paris,  we  may  breakfeust  at  Lausanne  railway- 
station  on  the  following  morning. 

Take  steamer  from  Lausanne  (Ouchy)  for  Yilleneuvey  where  we 
have  a  good  example  of  an  anticlinal  valley — that  of  la  Tiniere. 
Thence  by  rail  to  Vemayaz,  where  sleep.  I  need  hardly  summarize 
the  geology  round  Lake  Leman;  in  the  train  from  Villeneuve 
remark  the  wave-crest  form  characteristic  of  the  Jura  seen  from 
north,  and  the  rock-fall  at  Boche ;  on  the  right  the  great  one  near 
Youvry.  The  Triassic  rocks  are  all  interesting ;  and  on  the  left 
after  leaving  Aigle  are  the  fine  marble  quarries  of  St  Triphon.  As 
you  approach  Bex  you  will  observe  the  monticule  called  le  Montet, 
which  is  principally  a  mass  of  gypsum.  Bex  with  its  salt  mines 
would  be  well  worth  half  a  day's  exploration. 

Between  that  and  St  Maurice  we  are  in  the  Cretaceous  formation. 
At  the  Baths  of  Lavey  (left  hand)  we  enter  the  Oarboniferous  region, 
consisting  here  of  metaniorphic  schists.  Bemark  any  number  of 
"  roches  moutonnees  "  and  glacier-worn  rocks.  Of  the  picturesque 
nature  of  our  route  I  say  nothing — is  it  not  recorded  in  mauy 
excellent  guide-books  ? 

Next  morning  visit  the  Oorges  du  Trient,  and  thence  the  Pissevache, 
whence  a  rough  zigzag  leads  over  schists  and  by  slate  quarries  to  a 
point  half-way  up  the  carriage  road  to  Salvan.  This  road  winds 
up  an  interesting  gorge,  with  a  repetition  on  each  side  of  slates  at 
the  bottom,  Carboniferous  grits,  anthracitic  and  mica-schists  and 
metamorphic  schists,  and  grits.     The  heights  above  are  gneiss. 

Salvan  is  an  hour  and  a  quarter's  fair  walk  from  Yernayaz,  up  a 
good  char  road,  but  with  a  pitiless  series  of,  I  think,  fifty-two 
zigzags,  and,  once  fairly  out  of  them,  a  gentle  hill.  Some  ten 
minutes  before  robbing  Salvan  and  five  minutes  off  the  road  to  the 
south-east  are  some  very  remarkable  ''  marmites  des  Grants," 
t.e.  the  ancient  pot-holes  of  glacial  times,  worn  by  water  falling 
through  *^  moulins."  They  show  the  pestle  and  mortar  action,  their 
centres  rising  in  the  form  of  cones. 

On  the  opposite  side  of  the  valley  of  the  Bhone  the  Dents  de 
Morcles  rising  more  than  10,000  feet  have  been  growing  more  and 
more  grand,  and  the  replications  of  the  strata,  of  which  a  sketch 
after  that  by  Professor  E.  Benevier  is  given  (see  PL  YIII.  p.  261, 
opposite),  are  very  specially  remarkable,  and,  even  at  that  distance, 
quite  evident. 

The  geological  map  of  the  "Alpes  Yaudoises,"  by  the  same 
geologist,  marks  "  Poudingues  de  Ycdorsine  "  at  Salvan. 

One  charming  walk,  scarcely  known  to  the  Cockney  tourist,  is  a 
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couple  of  hours  up  to  La  Oreuse,  whence  is  a  splendid  view  of  Mont 
Blanc.  And  I  think  the  approach  to  the  valley  of  Ghamounix  hy 
this  side  of  the  valley  far  more  interesting  than  that  by  the  TIte 
Noire.  The  upper  portions  are  gneiss.  M.  Renevier  maps  them 
as  *'  schistes  et  gr^  metamorphiques/'  differing  in  this  from  the 
late  Professor  Studer,  as  the  latter  mentioned  to  me  in  several 
conversations. 

The  traveller  should  return  to  Vemayaz,  or  go  on  to  Martigny, 
by  the  south-east  side  of  the  Trient,  by  the  bridge  of  La  Taillat  and 
the  hamlet  of  Gueroz.  Thence  he  will  take  rail  to  Visp.  The 
geological  interest  of  the  Valais  increases,  and  its  scenery  is  much 
under-appreciated.  The  Jurassic  crags,  peaks  and  precipices  on  the 
north  side  after  reaching  Saxon,  are  very  grand  and  wild.  The 
tendency  of  the  Jurassic  rocks  to  slope  up  like  a  heavy  swell  at  sea, 
from  the  north,  and,  so  to  speak,  break  like  the  crests  of  waves  in 
stormy  weather  on  the  south,  is  well  exemplified.  On  the  south 
side  at  the  base  of  the  mountains  we  have  a  different  series,  lowest 
are  anthracitic  schists,  then  a  long  strip  of  dolomite,  extending  to 
beyond  Sierre,  then  banks  of  quartzite,  and  high  up  micaceous  and 
other  schists. 

The  flat  valley,  filled  with  old  and  recent  alluvium,  with  the  old 
Castles  at  Sion  perched  upon  their  craggy  islands,  the  old  moraines, 
especially  about  Sierre,  would  be  excuse  enough  for  the  geologist  to 
delay  his  journey  at  many  points. 

On  arriving  at  Visp  we  start  at  right  angles  to  the  Rhone  valley, 
ascending  through  the  Schistes  lustres  of  Triassic  age  ;  then  through 
some  quartzite,  and  subsequently  an  occurrence  of  dolomite,  then 
serpentine,  which  on  the  west  side  forms  a  not  inconsiderable  height 
We  then  come  upon  mica  and  some  chlorite  schists,  and,  crossing  a 
highly  picturesque  bridge,  reach  Stalden  in  less  than  two  hours 
from  Visp.  Here  we  pass  the  night,  well  above  the  flies,  queer 
odours,  and  generally  doubtfully  salubrious  air  of  the  Valais  plain. 
Near  Stalden  are  some  notable  stone-capped  pillars  and  glacial 
detritus,  resembling  the  well-known  earth-columns  of  Botzen. 

Leaving  the  valley  of  S.  Niklaus  to  the  right,  next  morning 
we  begin  to  mount  the  actual  Saas-Thal,  to  the  south-east  Mark 
the  blocks  of  gneiss  perched  on  the  hill-side,  and  study  the  water- 
worn  gorge,  with  its  wooden  bridges  and  torrent  roaring  at  great 
depths.  We  come  to  a  level  with  the  bed  of  the  stream,  and  find 
therein  a  considerable  variety  of  pebbles  of  schists,  gneiss,  serpentine, 
gabbros,  etc.  In  four  hours  we  reach  Saas-im-Gfrund,  and  again 
come,  in  the  valley  sides,  upon  a  bank  of  dolomite,  between  the  older 
metamorphic  schists  and  the  gneiss  of  the  central  mountain  mass. 
I  have  seen  sections  well  showing  the  contact  metamorphisms  of  this 
dolomite.  I  should  be  much  obliged  if  any  geologist  having  the 
time  would  kindly  examine  the  relations  of  these  occurrences  of 
dolomite  to  the  other  rocks.  Saas-im-Grund  itself  is  upon  the  edge 
of  schists  and  gneiss  just  mentioned,  and  it  is  worth  while  to  spend 
the  rest  of  the  day  in  this  field-work,  and  in  walking  forty  minutes 
up  the  west  side  of  the  valley  to  Saas-Fee  (where  there  is  a  good 
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hotel),  for  the  sake  of  the  grand  views  of  the  Fletsohom  and  other 
noble  peaks  to  the  east,  and  of  the  great  Fee  glacier  and  surround- 
ing heights  behind  the  village.  In  such  case,  and  with  a  competent 
guide,  it  is  not  difficult  to  substitute  a  very  interesting  glacier  walk 
for  what  I  am  about  to  describe  as  the  next  day's  work,  by  making 
across  the  F^  glacier  towards  the  Allalinhom,  and  working  one's 
way  to  Point  3150  metres  on  the  map»  and  so  down  to  the 
Mattmark  inn. 

But  if  pressed  for  time,  the  traveller  should  walk  or  ride  another 
three  hours.  In  the  bed  of  the  torrents  are  beautiful  specimens  of 
the  rocks  of  the  country,  in  profusion.  The  rocks  are  schistose  and 
gneissic  on  each  side  the  valley.  But  on  the  west  the  Egginerhom 
is  of  serpentine.  Near  Almagel  is  a  gorge  with  waterfalls  of  great 
picturesqueness.  As  we  advance,  the  forests  beoome  more  and  more 
scanty,  and  the  scene  grows  wilder.  The  path,  near  a  small  road- 
side chapel,  brings  you  almost  within  reach  of  the  end  of  the  AUalin 
glacier.  I  remember  that  in  the  year  1848  or  1849,  the  ice  was  far 
over  the  existing  track,  and  the  old  path  was  above  the  present  one 
in  consequence.  The  plain  has  scanty  herbage,  moraine  gravel  and 
streams  wandering  where  I  remember  the  Mattmark-see  (now  an 
insignificant  sheet),  which  could  then  boast  the  dignity  of  a  small 
lake.  Blocks  of  serpentine  become  more  and  more  abundant,  close 
to  the  Mattmark  inn  is  one  which  I  roughly  guessed  to  weigh  some 
5000  tons  or  more,  called  the  Blauen-Stein.  This  characteristic 
upper  valley,  surrounded  with  precipices  and  glaciers,  with  a 
frowning  desolate  aspect,  will  much  strike  the  traveller.  The  rough 
inn,  with  its  ingeniously  varied  dinners  out  of  scanty  resources, 
and  warm  welcome,  is  at  a  height  of  7000  feet  above  the  Mediter- 
ranean, and  well  placed  for  mountaineering  and  field-work.  It  is 
also  only  some  couple  of  hours  or  so  from  the  Col  of  Monte  More, 
and  as  horses  or  mules  can  be  taken  all  the  way  from  the  railroad  at 
Visp  to  Thaliboden,  that  is,  one  hour  from  the  top,  one  of  the 
Bublimest  views  in  all  Europe  is  attainable  without  difficulty  or 
fatigue.  I  know  nothing  in  the  range  of  the  Alps,  after  some  forty 
years  of  devotion  to  them,  which  in  its  way  is  more  imposing, 
grander  or  more  instructive  than  the  view  which  bursts  upon  the 
traveller,  of  the  cirque  of  precipices  and  glaciers  of  the  Monte  Bosa 
chain — to  say  nothing  of  blue  Italy.  But  a  very  early  arrival  is 
generally  necessary  to  enjoy  this  in  completeness. 

Professor  Bonney  has  written  so  much  and  well  upon  the  Western 
Alps  that  I  will  not  dwell  upon  their  structure.  But  I  will  mention 
an  exceedingly  interesting  day,  or  more,  of  work  best  done  from  the 
Mattmark  inn.  Although  it  is  not  actually  in  the  considerable 
districts  of  serpentine  which  lie  principally  to  the  S.E.  and  S.W., 
the  neighbouring  heights  are  outliers  of  this  mass.  Also  a  rock 
of  euphotide  gabbro  occurs  within  a  morning's  walk,  which  has  I 
think  supplied  most  of  the  erratic  stones  of  this  rock  which  occur  on 
the  north  side  of  Lake  Leman,  and  at  the  junction  of  the  Rhone  and 
Arve,  below  the  town  of  Geneva,  whilst,  as  regards  the  gabbros 
found  on  the  south  side  of  Lake  Leman,  as,  for  instance^  about  Evian, 
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I  take  it  tbe  moantains  at  tbe  bead  of  tbe  Yal  d'Herena  were  their 
souroe,  the  widening  Rhone  glacier  of  old  having  spread  out  aa  it 
advanced.  I  come  to  these  oondnaions  from  microeoopioal  examina- 
tion of  rocks,  erratic  and  not  in  situ.^ 

If  we  leave  the  inn  betimes  on  a  fine  morning,  we  shall  find  the 
torrent  at  its  lowest,  and,  crossing  it  by  a  wooden  bridge  of  the 
roughest  construction,  we  traverse  a  meadow,  and  at  once  begin  to 
ascend  a  steepish  zigzag  up  a  ridge  partly  of  rook,  partly  of  old 
moraine.  Chalets  some  1000  feet  above  the  valley  would  give 
shelter  at  a  pinch,  and  milk  when  inhabited.  An  hour  more  up  the 
Schwartzberg  brings  us  to  the  Aeusser  Thurm,  which,  as  also  the 
Inner  Thurm  a  little  further  on,  overhangs  the  Sohwartzenberg 
Glacier  on  the  S.£.  side,  and  on  the  N.W.  joins  the  Neve  of  the 
AUalin  Olacier.  We  cross  the  latter,  but,  as  it  is  in  this  part 
treacherous  (owing  to  concealed  crevasses),  though  not  steep,  we 
must  either  be  three  in  number,  roped,  and  experienoed,  or  have  a 
guide  (and  always  a  rope).  In  half  an  hour  we  shall  reach  the 
foot  of  a  rock  marked  in  the  Swiss  map  3150  m^res  (10,333 
feet),  and  this  is  our  mountain  of  enphotide.  A  climb  without 
difficulty,  but  requiring  caution,  will  in  half  an  hour  place  us  on  its 
summit,  and  amongst  its  innumerable  detached  blocks  we  shall  have 
found  a  '  quantum  sufficit '  of  gabbros.  Chloritic  schists  and  serpen- 
tines characterize  its  surroundings,  and  the  mass  itself  is  far  6om 
being  altogether  eupbotide.  Now  a  geologist  having  started  early 
and  exploring  the  adjacent  ridge,  which  leads  up  to  the  Allalinhom, 
would  fulfil  the  errand  which  took  me  there,  but  which  I  was 
unable  to  carry  out  from  the  rocks  being  concealed  by  an  unusual 
quantity  of  snow  in  1880. 

I  was  especially  desirous  to  ascertain  tbe  exact  relations  of  the 
presumably  intrusive  eupbotide  with  the  serpentine  and  other  rocks 
surrounding  it,  and  also  to  observe  the  efiects  of  its  contact  with 
its  neighbours.  I  failed  ignominiously,  though  in  other  respects  my 
scramble  was  delightful  and  its  results  satisfactory.  There  is 
another  point — in  the  large  Swiss  map,  a  rock  in  the  middle  of  the 
Allalin  Glacier  is  marked  33G8  metres.  In  that  snowy  year  I  think 
it  must  have  been  covered,  or  the  glacier  itself  have  previously 
increased  in  volume,  for  I  could  see  nothing  of  it — the  whole  seemed 
n6ve.  Now  I  much  wish  to  know  its  nature,  and  should  be  grateful 
for  specimens  of  it,  and  of  the  ridges  leading  up  to  the  Allalinhom 
and  from  the  Inner  Thurm  to  the  Strahlhorn. 

Let  the  geologist  be  cautious  as  to  falling  stones,  and  bear  in 
mind  that  serpentine,  though  a  good  solid  rock,  is  perfectly  awful  to 
slip  upon. 

In  this  skeleton  of  a  tour  the  only  occasions  upon  which  a  guide 
is  at  all  necessary — though  an  intelligent  mountaineer  is  always  a 
useful  and  agreeable  companion — is  the  scramble  just  described,  and 
its  alternative  route  from  Fee.  For  these,  and  all  walks  in  big 
mountains,  a  guide  is  a  matter  of  prudence.  I  have  now  climbed 
for  forty  years,  and  still  hold  this  mountaineering  dogma. 

^  Vide  Mineralogical  Magazine,  June,  1883. 
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I  bave  now  briefly  indioated  a  few  of  the  innnmerable  matters  of 
interest  most  promiaeot  during  a  oonrBe  up  part  of  the  great  Rhone 
valley  and  acroaa  the  variona  aohista  and  other  formationH  to  the 
centre  of  the  Weetem  Alpine  mass.  I  oould  go  on,  could  keep  my 
nnfortnnate  geologiat  hard  at  work,  week  after  iveek,  over  this 
hastily  sarveyed  ground.    But  I  should  be  writing  a  book ! 

With  regard  to  fossil  remains.  Switzerland  is  so  bad  a  hunting 
ground  that,  ualeas  a  Bpecialist  wishing  for  details  of  a  particular 
formation,  the  palesoutolt^st  will  grow  discontented.  But  for  the 
history  of  mountain  formation,  and — paoe  Heim — metamorphism, 
not  a  spot  in  this  wonderful  country  but  tells  its  story  of  one  or 
other. 

And  now  I  basely  desert  my  traveller  I  If  a  scrambler,  I  advise 
him  either  to  take  the  Weiss-Tbor  pass  and  sleep  at  the  Rifiel  Hotel, 
or  descend  by  the  new  Weiss-Tbor  pasa  whiob  I  first  found  in  1849, 
to  Maongnaga.  Wbenoe,  should  the  proposed  excursion  of  the 
Geologists'  ABsociation  to  Naples  teke  place,  he  might  join  those  who 
may  have  crossed  the  Simplon  at  Vogogna.  If  no  mountaineer,  he 
must  even  ride  or  walk  down  to  Stalden  by  the  way  he  oaine. 
iSomehow  or  other  he  wilt  I  trust  get  home  after  rauoh  enjoyment 

The  geologist  will  find  excellent  official  geological  maps  with 
memoirs  and  a  large  scale  ordinary  map  (Siegfried)  t^ht^  at  Mon. 
Hoage'e,  a  leading  bookseller  in  Lausanne.  But  it  would  avoid 
poesiblo  delay  to  bespeak  tbem. 

IV. — Ok  thk  Cbiepiko  or  thb  Soiloap    thbouob   thk  Action 

Bj  CsARLie  Dayibon,  M.A., 
Matliematical  Meiter  »t  Eing  Edward's  High  School,  Binningham. 
1,  The  object  of  this  paper  is  to  show  how  the  soiloap,  or  its 
upper  portion,  may  creep  down  an  inclined  surface  through  the 
action  of  frost.  The  subject  has  also  been  discussed  by  Mr.  W.  C. 
Eerr  in  a  valuable  memoir,  "  On  the  action  of  frost  in  the  arrange- 
ment of  superficial  earthy  material," '  published  in  May,  1881.     I 


m 


reproduce  here  one  of  the  figures  given  by  Mr  Eerr,  as  I  cannot 
better  describe  the  nature  of  the  phenomenon  which  it  is  the  aim  of 
this  paper  to  consider. 

"  During  the  Centennial  Elxbibition   [at  Philadelphia],  Market 

Street  was  extended  westward and  a  bill  of  some  twenty 

I  Anwriiaii  Jonmal  of  Sdenw,  3rd  ser.  toL  ui.  [p.  345'3SB. 
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feet  was  brought  to  grade  in  the  prooets. The  rock  \& 

gneiss  and  mica-sohist  with  homblendio  and  chloritic  strata, 
inclined  at  a  high  angle,  and  decomposed,  for  the  most  part,  the 
entire  depth  of  the  cut  [not  more  than  three  to  four  feet  in  the 
portion  sketched],  presenting* a  banded  section  of  Tarionsly-coloured 
earths.  The  most  striking  and  novel  peculiarity  of  this  section  is 
shown  in  the  sketch  (Fig.  1,  ante,  p.  255),  viz.  the  gradual  drawing 
out, — attenuation  of  these  coloured  bands,  as  the  parts  of  them  in 
succession  were  moved  down  the  slope  "  (p.  Z^Z). 

After  remarking  on  the  great  depth  of  frozen  soil  in  Canada 
and  Labrador  during  their  present  winters,  and  on  the  still  greater 
depth  to  which  it  must  have  penetrated  during  the  Glacial  period, 
Mr.  Kerr  says :  "  The  alternate  freezing  and  thawing  of  the  saturated 
mass  of  decayed  rocks  ....  would  of  necessity  produce  just  the 
movement  and  settling  which  are  described  above.  That  is,  this 
freezing  and  thawing  would  give  rise  to  precisely  the  same  move- 
ments of  the  mass,  and  of  the  particles  inter  «f ,  as  are  seen  to  occur 
in  the  true  glacier,  differing  only  in  amount.  In  other  words,  these 
masses  vrere  earth  glaciers,  and  these  deposits  may  be  denominated /ro«f 
drifi,  as  distinguished  from  proper  glacial  drift"  (p.  352).  The 
majority  of  these  deposits  Mr.  Kerr  refers  to  glacial  age ;  but,  con- 
sidering the  small  thickness  of  that  illustrated  in  Fig.  1,  he  remarks 
tliat ''  the  probability  is  strong  that  it  is  of  recent  (present)  origin, 
the  existing  climate  of  Philadelphia  being  equal  to  the  production 
of  such  effects"  (p.  353). 

It  is  not  clear  from  this  description  how  Mr.  Kerr  supposes  the 
freezing  and  thawing  to  have  acted  in  producing  this  movement  of 
the  soilcap.  My  first  impression  after  reading  his  paper  was  that 
the  water  in  freezing  would,  by  its  expansion,  force  the  mass  of 
loose  earth  bodily  down  the  slope.  This  may  be  the  case  in  certain 
parts  of  the  mass,  but  that  the  explanation  cannot  be  generally  true 
will,  I  think,  be  evident  after  I  have  described  the  way  in  which 
I  believe  the  movement  must  as  a  rule  take  place,  together  with 
some  of  the  experiments  made  to  test  the  theory. 

2.  Imagine  a  layer  of  damp  earth  resting  on  an  inclined  surface, 
and  exposed  to  the  action  of  frost.  The  water  in  the  interstitial 
pores  will  be  frozen  to  a  depth  depending  on  the  intensity  and 
duration  of  the  frost.  If  the  particles  of  soil  be  not  closely  packed, 
the  water  will,  in  freezing,  expand  into  the  spaces  between  them, 
and  the  relative  position  of  the  particles  may  not  be  altered  in 
consequence.  But  this  cannot  often  be  the  case,  for  freshly-turned 
earth  is  soon  rendered  close  and  compact  by  a  few  showers  of  rain. 
The  distances  between  the  separate  particles  will  thus  as  a  rule  be 
increased  when  the  water  between  them  is  frozen.  Now,  the  soil 
being  compact  and,  except  near  the  edges  of  the  mass,  continuous, 
the  only  direction  in  which  expansion  can  readily  take  place  is  out- 
wards and  perpendicular  to  the  surface.  Every  particle  of  soil  in 
the  frozen  layer  will  therefore  be  displaced  from  its  original 
position  along  the  line  of  the  normal  (or  perpendicular)  to  the 
surface  of  the  soil ;  and,  if  the  water  be  equally  diffused  through- 
out,  the  amount  of  the  displacement  will  be  proportional  to  the 
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distanoe  of  the  partiole  from  the  surface  to  which  freezing  extends. 
The  more  intense  and  lasting  the  frost,  the  thicker  will  be  the  frozen 
layer,  and  the  greater  the  displacement  of  the  surface  particles. 

On  the  recurrence  of  warmer  weather,  the  interstitial  ice  will  be 
melted,  and  in  melting  will  contract,  and  the  particles  will  return, 
not,  as  thej  came,  along  the  normal  to  the  surface,  but  in  a  direction 
nearly  vertically  downwards  owing  to  their  weight;  not  quite 
vertically,  however,  because  the  adherence  of  each  particle  to  its 
neighbours,  by  reason  of  the  water  between  them,  tends  to  bring  it 
back  towards  its  old  position.  The  particles  will  thus  after  every 
frost  and  thaw  occupy  a  lower  position  down  the  slope  than  they 
did  before ;  and  the  whole  outer  layer  of  the  soilcap  will  in  this 
way  creep  slightly  downwards,  the  creeping  being  greatest  at  the 
surface,  and  diminishing  downwards  to  zero  at  the  greatest  depth 
to  whioh  freezing  extended. 

3.  If  all  the  particles  descend  vertically  during  the  thaw,  or  at 
any  rate  in  the  same  direction,  it  may  be  shown  that  a  series  of 
particles  lying  in  a  straight  line  will,  after  a  single  frost  and  thaw, 
continue  to  lie  in  a  straight  line,  inclined,  however,  at  a  different 


Fig.2. 


angle  to  the  horizon.  Let  A  b  (Fig.  2)  represent  the  surface  of  the 
soil,  c  D  the  surface  to  which  freezing  extends.  Let  p  be  any 
particle  of  soil  on  the  straight  line  q  b.  Its  normal  displacement, 
and  therefore  also  its  creep,  p  p',  will  be  proportional  to  the  distance 
of  p  from  c  D,  and  therefore  to  p  b.  Hence,  the  series  of  particles 
originally  lying  along  the  straight  line  q  b,  will,  after  the  frost  and 
thaw,  lie  along  the  straight  line  q'b  ;  and  the  effect  of  the  creeping 
will  be  to  bend  the  line  Q  b  s  into  the  form  q'b  s. 

4.  But,  since  during  any  winter  or  series  of  winters,  there  must 
be  numerous  frosts  of  different  degrees  of  intensify  and  duration, 
and  therefore  penetrating  to  different  depths,  and  since  the  surface 
layers  of  soil  are  affected  by  every  frost,  however  slight,  and  in  any 
one  frost  are  more  displaced  than  those  below  them,  it  follows  that 
after  any  given  time  (including  many  changes  of  temperature  across 
the  freezing-point),  particles  lying  originally  on  a  straight  line  will 
in  the  end  lie  on  a  curved  line  with  its  concavity  facing  do^vnwards• 


DXGADB  Xn. — ^VOL.  VL^-XO.  TZ. 


VI 


258  C  Davison — Creeping  of  Soil-cap  by  FrosL 

If  the  different  firosts  be  of  different  degrees  of  intensity  and 
duration,  the  resulting  line  will  be  curved  thronghont  its  whole 
length,  down  to  the  lowest  depth  to  which  freezing  has  extended. 
But  if,  as  in  colder  countries  than  ours,  the  froet  last  through  nearly 
the  whole  winter,  and  in  different  winters  do  not  vary  greatly  in  its 
depth  of  penetration,  then  the  resulting  line  will  exhibit  a  more  or 
less  sharp  bend  at  the  average  depth  to  which  the  frosts  are  felt,  and 
above  the  bend  they  will  be  fairly  straight  Mr.  Kerr's  section 
(Fig.  1)  seems  to  me  to  agree  remarkably  with  this  latter  deduction ; 
and  it  will  be  observed  also  that  the  bends  are  all  at  nearly  the  same 
depth,  which  ought  to  be  the  case  when  the  surface  is  not  very 
uneven. 

5.  The  experimental  evidence  that  I  have  been  able  to  obtain, 
though  less  varied  and  complete  than  it  might  have  been  made  in 
a  colder  country,  is  decidedly  confirmatory  of  the  above  theory. 
The  experiments  were  made  in  boxes  inclined  to  the  horizon,  and  in 
this  respect  the  conditions  were  not  quite  natural,  for  the  sides  and 
bottom  of  the  boxes,  as  well  as  the  surface  of  the  soil,  were  exposed 
to  the  cold.  But  the  movements  of  the  surface-particles  near  the 
middle  of  the  boxes  would  not  be  affected  by  this.  The  method 
adopted,  moreover,  possesses  several  advantages,  not  the  least  being 
that  the  effects  are  more  marked  than  they  would  be  naturally, 
owing  to  the  greater  depth  of  frozen  soiL 

Two  boxes,  differing  in  form,  were  filled  with  damp,  fairly 
compact,  soil.  The  first  (A)  is,  internally,  2iV  inches  wide, 
2i  inches  deep,  and,  at  the  surface,  13  inches  long;  the  lower  end 
is  horizontal,  the  upper  vertical ;  and  the  inclination  of  the  bottom 
of  the  box  and  the  surface  of  the  soil  is  32^.  A  straight  bar  of 
wood  is  firmly  screwed  to  upright  supports  at  either  end  of  the  box, 
so  that  its  lower  edge  is  parallel  to  the  surface  of  the  soil  and  at  a 
distance  of  H  inches  from  it.  The  other  box  (B),  rectangular  in 
form,  is,  internally,  15i  inches  long,  six  inches  wide,  and  6i  inches 
deep ;  and  is  inclined  at  an  angle  of  27°.  A  straight  bar  of  wood 
is  also  fixed  to  the  box,  with  its  lower  edge  parallel  to  the  surface 
of  the  soil  and  one  inch  from  it.  Fine  pencil-lines  are  ruled  on 
both  bars  in  several  places,  perpendicular  and  parallel  to  the  lower 
edges ;  and  serve  as  reference-lines  for  the  measurement  of  the  dis- 
placements. I  will  now  give  an  example  of  the  experiments  made 
with  each  box. 

6.  Experiment  1. — (Box  A).  The  index  used  to  register  the 
motion  of  the  soil  consists  of  a  slab  of  sheet-lead,  |^  inch  square,  on 
two  opposite  sides  of  which  are  arms,  one  inch  long  and  \  inch  wide. 
These  are  bent  towards  the  centre  of  the  slab,  and,  when  they 
meet,  bent  again  so  as  to  be  perpendicular  to  the  slab.  Part  of  a 
stout  needle,  liV  inches  long,  is  bound  tightly  with  strong  silk 
between  the  projecting  arms.  The  whole  index  weighs  a  little  over 
three-fifths  of  an  ounce. 

The  index  was  placed  so  that  the  surface  of  the  soil  was  level  with 
the  upper  surface  of  the  slab,  and  the  soil  was  pressed  closely  all 
round  it,  so  that  there  was  no  gap  between  the  soil  and  the  edges 
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of  the  slab.  It  was  tben  left  some  days,  and  affcerwards  plaoed 
ontside  on  the  window-sill  of  an  unused  room,  on  the  evening  of 
January  3,  1889;  and  the  distances  of  the  needle-point  from  the 
lower  edge  of  the  bar  and  one  of  the  lines  perpendicular  to  it  were 
carefully  measured  with  the  aid  of  a  pair  of  bow-compasses.^ 

The  minimum  temperature  during  the  following  night  was  27^  F. 
and  the  soil  was  evidently  frozen  through  by  the  next  morning. 
The  needle-point  had  risen  1|  mm.  in  a  line  almost  exactly  per- 
pendicular to  the  surface  of  the  soil ;  and  it  remained  in  this  position 
until  the  night  of  Jan.  7-8,  when  a  thaw  set  in,  by  which  the  ice  in 
the  soil  was  entirely  melted  in  about  twelve  hours.  During  this 
interval  the  position  of  the  index  was  recorded  several  times ;  and 
the  displacements  measured,  though  very  small,  showed  that  the 
needle-point  descended  in  practically  a  straight  line,  so  as  to  end 
at  the  same  distance  from  the  lower  edge  of  the  bar  as  at  starting, 
but  f  mm.  further  down  the  slope.  The  direction  of  descent  was 
therefore  not  quite  vertical,  but  approximately  bisected  the  angle 
between  the  vertical  and  the  normal  to  the  surface  of  the  soil.  Also, 
the  normal  rise  of  the  surface-particles  was  about  iV  of  the  depth 
of  the  frozen  soil,  and  their  creep  downwards  about  xi?  of  the 
same  depth. 

At  first  sight,  it  seems  possible  that  this  creep  may  have  been 
only  apparent,  and  due  to  the  weight  of  the  index,  which  is  of  course 
much  greater  than  that  of  an  equal  volume  of  soil.  But  I  noticed 
carefully  that,  after  the  thaw,  there  was  no  gap  between  the  lead 
slab  and  the  surrounding  soil ;  and  this  could  hardly  have  been  the 
case  if  the  movement  of  the  surface-particles  had  been  very  different 
from  that  of  the  index.  The  following  experiment,  however,  appears 
to  me  to  remove  this  objection,  if  it  be  one. 

7.  Experiment  2. — (Box  B).  An  index,  similar  to  that  used  in 
the  preceding  experiment,  was  placed  on. the  surface  of  the  soil,  in 
order  to  measure  its  normal  rise.  Two  fine  grains,  half  a  milli- 
metre in  diameter,  of  very  hard  red  drawing-chalk  were  also 
inserted  into  very  small  holes  made  in  the  soil  to  receive  them. 
One  of  these  was  exactly  in  a  line  with  the  edge  of  a  long  pin 
(a  lady's  hat-pin)  fixed  at  right  angles  to  the  bar,  and  penetrating 
the  soiL  The  other  was  just  underneath  the  point  of  a  similar  pin 
constrained  to  slide  in  a  straight  groove  perpendicular  to  the  lower 
edge  of  the  bar.  Before  the  soil  was  frozen,  the  point  of  the  pin 
was  drawn  up  a  short  distance,  and  brought  close  down  to  the  soil  at 
the  end  of  the  frost  and  again  after  the  thaw. 

The  box  was  put  outside  on  February  9th,  and  by  the  12th  inst. 
the  soil  was  frozen  through.  The  needle  point  of  the  index  had 
risen  normally  8f  mm.,  and  the  two  red  grains  had  also  risen 
normally,  and  probably  the  same  distance.  Later  on  Feb.  12th  the 
thaw  began,  and  the  interstitial  ice  was  quite  melted  the  next  day. 
After  the  thaw,  the  needle-point  of  the  index  was  found  at  ^  mm. 
above  its  original  distance  from  the  lower  edge  of  the  bar,  and  1  mm. 

^  The  meararementi  thui  made  are  probably  correct  to  one-eighth  of  a  milHrnetc^. 
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fiiriher  down  the  slope.  One  of  the  red  grains  had  crept  }  mm.,  and 
the  other  1  mm.  down  the  slope.  The  soil  particles  must  therefore 
have  descended  along  a  line  inclined  at  an  angle  of  about  17°  to  the 
normal  to  the  surface  of  the  soil.  The  normal  rise  of  the  surface 
particles  was  about  -jV  of  the  depth  of  the  frozen  soil,  and  their  creep 
about  xir  of  the  same  depth. 

8.  Now,  if  the  creeping  of  the  soilcap  through  the  action  of  frost 
were  due  to  the  expansive  force  of  the  freezing  water  urging  the 
mass  down  the  slope,  it  is  clear  that  the  downward  movement  should 
take  place  during  the  frost  and  not  during  the  thaw ;  but  the  experi- 
ments just  described  show  that  this  is  not  the  case,  unless  it  be  along 
the  edges  of  the  mass  of  frozen  earth.  Again,  if  this  explanation 
were  the  correct  one,  the  whole  frozen  layer  at  any  point  would  be 
displaced  equally  throughout  its  depth,  and  there  would  be  a  rupture 
of  continuity  between  the  frozen  and  unfrozen  parts  of  the  soilcap. 
Hence,  any  line  inclined  to  the  surface  would,  after  a  succession  of 
frosts  of  different  degrees  of  intensity  and  duration,  exhibit  a  series 
of  breaks  forming  miniature  faults  parallel  to  the  surface  of  the 
ground.  And,  if  the  principal  frosts  of  every  season  penetrated  to 
approximately  the  same  depth,  then,  at  that  depth,  the  fault-displace- 
ment would  be  greatest.  It  need  hardly  be  said  that  this  inference 
is  not  supported  by  Mr.  Kerr's  section  given  in  Fig.  1.  Both  reason- 
ing and  experiment  are  in  favour  of  the  view  that  creeping  takes 
place  by  a  normal  rise  during  the  frost  and  a  more  or  less  vertical 
descent  during  the  thaw. 

9.  It  would  be  interesting  to  determine,  if  we  could,  the  length 
of  time  required  for  the  production  of  the  effects  illustrated  in  Fig.  1, 
but  the  data  are  too  imperfect  to  enable  us  to  form  more  than  a  very 
rough  estimate.  Judging  from  the  figure,  the  creep  near  the  surface 
is  on  an  average  about  three  times  the  depth  of  the  bends.  If  the 
amount  of  creeping  of  the  surface  particles  be  the  mean  of  the 
values  given  by  the  experiments  recorded  above,  namely ,  tIt  of  the 
depth  of  frozen  soil,  and  if  there  be  only  one  important  frost  and 
thaw  every  winter,  then  the  time  required  may  have  been  about  531 
years.  But  the  assumptions  involved  in  making  this  estimate  are 
too  great  to  allow  us  to  place  any  reliance  whatever  upon  its 
accuracy.  It  is  just  possible,  however,  that  it  may  indicate  the 
order  of  magnitude  of  the  real  interval  of  time. 

10.  Lastly,  the  conditions  which  are  most  effective  in  producing 
the  creeping  here  considered  are  neither  those  of  a  temperate  climate, 
in  which  there  may  be  many  alternations  of  frost  and  thaw  in  one 
winter,  nor  those  of  an  arctic  or  glacial  climate ;  though  probably 
nearer  those  of  the  latter  than  of  the  former.  Other  conditions  being 
the  same,  the  amount  of  creeping  (measured  by  the  product  of  the 
volume  of  soil  moved  into  the  average  displacement  down  the  slope) 
varies  as  the  square  of  the  depth  to  which  the  frost  penetrates. 
Thus,  if  in  one  place,  the  soil  be  frozen  to  a  depth  of  one  foot,  and, 
in  another,  to  a  depth  of  three  feet,  the  creeping  of  the  surface- 
particles  in  the  latter  will  be  three  times  as  great  as  in  the  former, 
and  the  volume  of  soil  affected  also  three  times  as  great :  hence  the 
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amount  of  creeping  in  the  second  place  will  be  nine  times  that  in  the 
first.  And  it  seems  hardly  possible  that  there  should  in  any  country 
be  nine  separate  frosts  in  one  winter  each  penetrating  to  the  depth  of 
one  foot. 

On  the  oilier  hand,  in  arctic  countries,  the  soil  is  permanently  frozen 
at  a  certain  depth,  and  the  amount  of  creeping  then  depends  on  the 
depth  to  which  the  soil  is  thawed  duriug  a  comparatively  short 
summer.  We  may  conclude,  therefore,  that  the  amount  of  creeping 
will  be  greatest  in  that  place  in  which  the  soil  frozen  in  winter,  and 
also  thawed  in  the  following  summer,  attains  its  maximum  depth. 


V. — Notes  on  the  Wicklow  Greenstones. 

By  Fbbdb&iok  H.  Hatch,  Ph.D.,  F.G.S. 

(Commimicated  by  permianon  of  the  Director- General  of  the  Geological  Surrey.) 

THE  Wicklow  greenstones  occur  in  sheets  and  dykes  intrusive  in 
the  Lower  Silurian  slates  (the  equivalent  of  the  Bala  beds  of 
Wales)  that  lie  to  the  east  of  the  main  chain  of  the  Leinster  granite. 
Like  the  Welsh  greenstones,  they  are  associated  with  acid  lavas 
(felsites  and  keratophyres)  and  felspathic  tuffs,  although  of  slightly 
later  origin  than  these. 

In  a  petrographical  appendix  to  the  memoir  on  Sheets  138  and 
139  of  the  Map  of  the  Irish  Geological  Survey,  I  have  given 
some  notes  on  the  microscopical  characters  of  the  more  important 
types.  These  notes  were  based  on  sections  made  from  rocks  collected 
in  June  of  last  year.  In  November  and  December  I  had  another 
opportunity  of  visiting  the  ground,  in  company  with  my  colleagues 
Messrs.  Cruise  and  Clark  ;  and  this  visit  threw  fresh  light  on  certain 
points  not  cleared  up  on  the  first  occasion,  especially  with  regard  to 
the  mechanically  deformed  greenstones,  and  also  furuished  me  with 
an  additional  supply  of  material  for  microscopical  investigation.  As 
the  publication  of  the  memoir  could  not  be  delayed  until  this  fresh 
material  had  been  thoroughly  worked  out,  perhaps  I  may  be  per- 
mitted to  communicate  in  this  place  my  results,  coupled  with  a  brief 
abstract  of  what  has  already  appeared  in  the  memoir. 

The  Wicklow  greenstones  have  this  advantage  over  those  of  many 
other  areas,  that  they  present  a  greater  variety  in  structure  and  com- 
position. Offering  this  attraction  it  is  somewhat  surprising  that 
they  have  received  such  scant  attention  at  the  hands  of  the  micro- 
scopist.  The  literature  on  the  subject  is  indeed  meagre,  and  may  be 
disposed  of  in  a  very  few  lines.^  Prof.  von.  Lasaulx,'  during  a 
short  visit  to  Ireland  in  1876,  collected  some  specimens  which  he 
described  as  diabase,  diorite,  and  mica-diorite.  The  AUport  collec- 
tion in  the  British  Museum  contains  a  few  sections  of  Wicklow 
greenstones.  These  have  been  described  by  Mr.  Teall  in  his  British 
Petrography.' 

*  -  Erofessor  Hanghton  gave  a  brief  description,  with  two  analyses,  of  the  West- 
aston  greenstone  as  early  as  lSd9  (Trans.  Koy.  Irish  Acad.  vol.  xxiii.  p.  619) ; 
but  I  am  referring  to  microscopical  work. 

'  *'  Petrographuche  Skizzen  ana  Irland,"  Tschermak's  Min.  u.  Pet.  Mitth.  vol.  i. 
1878,  p.  441.  »  1888,  pp.  249  and  266. 
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In  the  notes  appended  to  the  memoir  referred  to  above,  the 
greenstones  there  described  are  arranged  in  the  following  cate- 
gories : — a.  Quartz  -  mica  -  diorite ;  b.  Quartz  -  diorite  and  diorite ; 
e,  Augite-diorite ;  d.  Dolerite  (diabase) ;  e.  Epidiorite  (passing  into 
hornblende-schist)  ;  and  /.  Serpentine. 

(a)  Quartz-mica'diorite  (the  Tonalite  of  vom  Bath). — A  fine 
example  of  this  rock  occurs  as  an  irregular  boss,  extending  from 
Carrigmore  to  Westaston,  4  miles  E.  of  Bathdrum  (Sheet  130). 
The  central  portion  of  the  mass  is  traversed  by  &e  road  going  from 
Bathdrum  to  Eilboy  Bridge.  The  rock  is  remarkable  for  its 
granitoid  appearance,  the  grain  being  moderately  coarse  and  the 
colour  light.  Some  parts  of  the  mass  are  spangled  over  with  lustrous 
six-sided  plates  of  dark  mica ;  while  in  others  the  mica  is  replaced 
by  chlorite.  At  Carrigmore  the  mica  occurs  in  thin  bronze-coloured 
films,  covering  irregular  patches  of  the  rock*s  surface.  Under  the 
microscope  these  patches  appear  as  ophitic  plates  of  a  bright  reddish 
brown  colour. 

The  component  minerals  of  the  rock  are  quartz,  felspar  (mostly 
plagioclase,  but  with  a  small  quantity  of  orthoclase),  biotite,  a  pale 
green  hornblende,  a  few  grains  of  colourless  augite  (malaoolite), 
chlorite,  and  apatite. 

The  quartz  is  abundant.  It  was  evidently  the  last  mineral  to 
separate,  since  it  fills  the  interspaces  between  the  idiomorphic 
crystals  of  the  earlier- formed  minerals.  Apatite  is  also  present  in 
considerable  quantity ;  and  its  six-sided  acicular  microlites  are  found 
penetrating  all  the  remaining  minerals.  The  chlorite  has  resulted 
from  the  alteration  of  the  mica,  the  plates  of  which  are  sometimes 
surrounded  by  a  border  of  chlorite,  sometimes  altered  almost  com- 
pletely into  that  mineral. 

(b)  QuartZ'diorite  and  diorite, — An  excellent  example  of  quartz- 
diorite  occurs  at  Bologh  Lower,  three  miles  E.  of  Bathdrum.  The 
rock  is  a  medium-grained  granitic  aggregate  mainly  of  felspar  and 
quartz,  but  with  some  green  hornblende  and  chlorite.  Both  mono- 
clinic  and  triclinic  felspar  are  present,  the  former  being  fresher 
than  the  latter. 

The  interspaces  between  the  felspar-crystals  are  filled  by  clear 
quartz.  Green  hornblende  occurs,  sometimes  in  idiomorphic  crystals 
that  are  evidently  original,  sometimes  in  granules  and  needles, 
imbedded  in  patches  of  chlorite,  and  then  perhaps  of  secondary  origin. 

In  structure  and  composition  the  rock  much  resembles  a  hom- 
blende-granitite ;  but  mode  of  occurrence  and  association  show  that 
it  belongs  to  the  greenstone  rather  than  the  granite  family. 

Similar  rocks,  but  with  less  abundant  quartz,  occur  near  Cummer 
Place,  six  miles  E.  of  Shillelagh.     These  are  true  diorites. 

In  all  of  them  the  efiects  of  dynamic  metamorphism  are  occasion- 
ally met  with,  in  the  shape  of  finely -granulated  patches  —  the 
so-called  "  quartz-felspar-mosaic "  —  resulting  from  a  molecular 
rearrangement  of  the  original  felspar. 

(c.)  Augite-diorite, — This  type  is  very  common  among  the 
Wicklow  greenstones.     It  consists  essentially  of  plagiodase  felspar 
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and  a  pale  variety  of  augite  (salite  or  malaoolite).  Interstitial 
qaartz  is  sometimeB  present ;  and  there  is  a  complete  absence  of 
ophitio  struotnre,  the  augite  oocurring  in  isolated  and  often  well- 
oontoured  crystals:  both,  points  of  distinction  from  dolerite.  The 
felspar  occurs  in  crystals  giving  lath-shaped  sections  and  exhibiting 
the  twin-striation  characteristic  of  plagioclase.  It  is  sometimes 
enveloped  by  patches  of  clear  quartz,  somewhat  in  the  same  way 
that  felspar- lathes  are  enveloped  by  augite  in  the  dolerites. 

Rocks  of  this  character  occur  abundantly  in  the  neighbourhood  of 
Eilpatrick  House,  N.  of  Arklow.  The  exact  localities  are  given 
in  the  memoir. 

(d.)  Dolerite  (diabase  of  the  Germans). — ^The  rocks  considered 
under  this  head  are  composed  essentially  of  plagioclase  and  augite, 
with  a  well-marked  ophitio  structure.  The  Wicklow  type  is  entirely 
free  from  olivine,  and  passes  by  the  addition  of  quartz,  accompanied 
by  a  change  in  Uie  nature  and  structure  of  the  augite,  into  augite- 
diorite,  to  which  it  is  naturally  closely  allied. 

The  best  representatives  of  this  group  occur  in  the  neighbourhood 
of  Arklow  Head,  where  they  are  quarried  for  road-metal  by  Mr. 
Pamell. 

The  dolerites  pass  readily  into  epidiorite;  and  even  when  the  rock, 
examined  under  the  microscope,  appears,  at  first  sight,  to  be  quite 
unaltered,  a  narrow  zone  of  secondary  hornblende  will,  on  nearer 
examination,  sometimes  be  found  fringing  the  augite-patches.  But 
the  more  detailed  discussion  of  these  changes  is  reserved  for  the  next 
section. 

(e.)  .Epidiorite. — The  rocks  embraced  under  this  head  are  dolerites 
that  have  undergone  alteration  under  the  influence  of  dynamic  meta- 
morphism.  Originally  they  were  plagioclase-augite  rocks ;  but,  as  a 
result  of  the  metamorphism,  the  augite  has  been  more  or  less  com- 
pletely converted  to  hornblende.  This  mineral  occurs  in  ragged 
patches,  which  in  most  cases  still  present  the  ophitic  structure  of  the 
augite  which  it  has  replaced.  Other  new- formed  minerals  are  chlorite, 
epidote,  leucoxene,  sphene  and  calcite.  The  leucoxene  often  presents 
elongated  streaky  forms,  suggesting  linear  extension.  Further 
evidence  of  mechanical  metamorphism  is  to  be  found  in  the  cata- 
clastic  structure  frequently  presented  by  the  felspar ;  in  such  cases 
the  mineral  loses  its  homogeneity  and  appears  as  a  minutely 
granular  mass,  giving  aggregate-polarization  {^^feUpar-qiiartZ' 
mosaic'').  In  places  where  the  movements  have  been  great,  the 
rock  assumes  a  highly  schistose  character,  and  in  such  places  a  con- 
siderable proportion  of  the  hornblende  is  often  replaced  by  chlorite. 

All  degrees  in  the  mechanical  metamorphism  of  a  greenstone  can 
be  well  studied  in  the  Aughrim  Valley,  between  Woodenbridge  and 
Coatsbridge  (Sheet  139).  The  altered  rocks  occur  here  in  sheets, 
intercalated  between  the  Lower  Silurian  beds,  and  are  correctly 
represented  on  the  Survey  Map  as  a  series  of  lenticular  bands, 
striking  N.E.  and  S.W.  At  the  time  when  this  ground  was 
surveyed,  however,  the  effects  of  dynamic  metamorphism  had  not 
yet  been  recognized,  consequently  the  schistose  ohaiXQk&tbt  oi  \!ck»«^ 
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rooks  caused  them  not  nnnatnrally  to  be  regarded  and  mapped  as 
tufis  (« greenstone-ash  ").^  In  the  smaller  sheets  the  foliation  is 
very  striking,  the  whole  of  the  rock  being  converted  into  schist; 
the  thicker  bands,  however,  are  foliated  only  at  the  margin, 
i,e,  near  the  junction  with  the  slates. 

About  one  mile  and  a  half  west  of  Woodenbridge  one  of  these 
larger  bands  has  been  well  opened  out  by  a  quarry  ;  and  the  suc- 
cessive stages  of  alteration  admit  there  of  easy  study.  The  central 
portion  of  the  sheet  is  not  foliated.  It  is  composed  of  a  granular 
aggregate  mainly  of  plagioclase,  and  hornblende,  secondary  after 
augite.  The  hornblende  is  the  ordinary  green  variety  (aotinolite), 
and  shows  pleochroism  in  bluish-green  and  yellowish-green  tints. 
It  occurs  in  patches,  which,  though  often  compact  towards  the  centre, 
are  usually  bordered  by  a  fibrous  fringe.  These  patches  are  pene- 
trated by  needles  and  prisms  of  turbid  felspar,  thus  indicating  the 
ophitic  structure  of  the  original  augite.  In  rare  instances  a  nucleus 
of  augite  still  remains,  thus  removing  all  doubt  as  to  the  secondary 
nature  of  the  hornblende.  The  presence  of  isolated  patches  of  chlorite 
shows  that  hornblende  does  not  represent  the  final  stage  of  alteration ; 
for  the  chlorite  appears  to  be  derived  from  the  hornblende,  and  thus  to 
bear  only  a  tertiary  relation  to  the  augite.  Other  secondary  minerals 
are  epidote,  in  granular  aggregates,  (eucoxene,  in  white  turbid  grains 
after  ilmenite,  and  calcite.  The  epidote  is  derived  mainly  from  the 
felspar,  the  original  crystals  of  which  are  replaced  by  a  mosaic  of 
minute  granules  of  secondary  felspar,  doubtless  a  variety  less  rich 
in  lime — such  as  albite,  or  oligoclase. 

A  fibrous  asbestos  is  developed  between  the  slickensided  joint- 
faces. 

Near  the  junction  with  the  slates  the  rock  assumes  a  marked 
foliated  character.  In  thin  sections  made  from  this  portion  of  the 
rock  the  hornblende  appears  in  narrow  fibrous  bands,  alternating 
with  layers  of  a  cryptocrystalline  aggregate  of  felspar  together  with 
grains  of  original  felspar.  Secondary  quartz  is  associated  with  the 
new-formed  felspar,  and  chlorite  with  the  hornblende.  The  chlorite 
increases  in  proportion  to  the  amount  of  alteration,  until  finally  we 
get  a  highly  fissile  lustrous  schist,  in  which  chlorite  greatly  pre- 
dominates.' 

Some  specimens  of  these  highly  altered  schistose  rocks,  for  instance 
one  from  a  band  two  miles  west  of  Woodenbridge,  contain  abundant 
grains  of  sphene,  and  it  seems  probable  that  this  mineral  has  been 
produced  by  a  molecular  reconstruction  of  the  turbid  leucoxene 
derived  from  ilmenite. 

Some  of  the  greenstone-bands  that  cross  the  Aughrim  Valley  are 

1  According  to  Mr.  W,  M.  Hutchings  (this  Magazine  for  February,  1889,  p.  63) 
the  same  error  has  been  committed  in  Cornwall,  Be  la  Beche  having  beld  certain 
**  schistose  trappean  rocks,"  which  Mr.  Hutchings  has  proved  to  be  mechanically 
metamorpbosea  greenstones,'*  for  altered  ash. 

^  Similar  alterations  are  described  by  Mr.  Hutchin&^s  in  the  Tinta^el  rock  (ioe.  eit.)j 
and  by  Mr.  Teall  in  a  greenstone  occurring  at  Garth  near  Portmadoc  (Brit.  Petrog. 
p.  216;. 
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prolonged  in  a  soath-westerly  direotion  towards  Croghan  Kinshelagh. 
A  specimen,  ooUeoted  from  a  spot  one  mile  north  of  the  summit  of 
this  mountain,  proved,  on  examination  with  the  microscope,  to  be  a 
typical  epidiorite.  The  rock  forming  the  summit  itself  has  under- 
gone more  alteration.  It  has  a  marked  foliated  character,  and 
consists  mainly  of  chlorite  and  "felspar-mosaic."  Sphene  is  also 
present  in  abundant  grains. 

Specimens  of  epidiorite  were  also  collected  about  a  mile  N.  of 
Wicklow,  on  the  S.W.  side  of  Oroghan  Kinshelagh,  and  from  a  small 

SAtch  of  greenstone  two  miles  east  of  Eilcavan  House,  to  the  east  of 
hUlelagh  (Sheet  138). 

(/.) — ^In  only  one  case  was  the  occurrence  of  a  serpentinous  green- 
stone noted.  My  attention  was  drawn  to  this  rock  by  Mr.  Einahan. 
A  small  patch  of  it  occurs  about  half  a  mile  west  of  the  patch  of 
epidiorite  referred  to  above,  two  miles  east  of  Kiioavan  HousCi  near 
Shillelagh.  Unfortunately  I  was  prevented  by  lack  of  time  from 
visiting  the  locality  myself,  and  the  specimen  examined  was 
collected  by  Mr.  Clark.  The  rock  is  of  a  variable  green  colour, 
and  has  the  characteristically  soapy  "  feel "  of  a  serpentinous  rock. 
A  microscopic  section  discloses  the  serpentine  in  colourless  layers, 
associated  with  grains  of  opaque  iron-ore  and  a  finely  granular 
substance  resembling  calcite  or  dolomite.  The  powdered  rock,  treated 
with  hydrochloric  acid,  effervesces  only  on  warming ;  it  contains, 
therefore,  as  we  should  expect,  the  magnesian  carbonate. 

The  texture  of  the  serpentine  is  well  brought  out  between  crossed 
nicols.  It  has  rather  the  "netted"  or  "bladed"  structure  of 
serpentine  derived  from  augite  than  the  "lattices-structure 
peculiar  to  that  mineral. when  produced  by  the  alteration  of  horn- 
blende. 

Whatever  may  be  the  nature  of  the  alteration,  there  can  be  little 
doubt  that  we  have  here  the  final  product  of  the  alteration  of  a 
greenstone  (dolerite).  As  we  have  seen  above,  the  usual  course  of 
the  metamorphism  of  the  Wicklow  dolerites  is,  first,  the  formation 
of  a  homblendic  rock  (epidiorite,  hornblende-schist)  and,  finally, 
a  chlorite-Bohist ;  but  the  case  in  point  indicates  that  there  are 
exceptions  to  this  rule. 

28,  Jbbmtn  Strbbt,  S.W. 


YI. — Deyomiam  Gbsenstonxs  /lnd  OhiiOrite  Sohists  of  South 

Devon, 

By  Mifls  C.  A.  Raisin,  B.Sc. 

IN  a  paper  published  in  the  Devonshire  Transactions  for  1888 
(p.  215),  Mr.  Somervail  suggests  the  identity  of  the  chlorite 
schists  of  South  Devon  with  certain  rocks  to  the  northward.  As 
this  hypothesis  (could  it  be  established)  would  have  a  most  important 
bearing  on  subjects  of  controversy,  I  took  the  opportunity  in  a  few 
days  this  winter,  to  visit  and  collect  from  these  localities,  including 
the  dyke  nearest  to  Torcross.  I  was  not  rewarded  by  finding  any 
striking  similarity  to  the  metamorphio  rocks  of  the  south.    In  tlmt 
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series,  the  chlorite  sohists  oonsist  of  clear  and  definite  oiystalline 
grains,  among  which  I  find  felspar  to  be  rare  and  have  not  yet 
certainly  identified  aagite^while  these  northern  greenstones  are  full 
of  broken  crystals  of  both  minerals,  together  with  Tiridite,  dost 
resulting  from  the  crashing,  and  a  small  amount  of  minute  secondary 
hornblende  and  sericite  (?),  chlorite  being  generally  rare,  and  oft^ 
absent  The  one  rock  is  a  true  schist,  the  other  nothing  more  than 
a  schalstein.  If  Mr.  Somervail  ascribes  the  marked  difierence  in 
character  to  more  intense  pressure,  a  very  obvious  difficulty  would 
have  to  be  met  As  pointed  out  by  Prof.  Bonney,  the  chlorite  schist 
exhibits  at  places  not  only  a  well-defined  mineral  banding,  but  also 
a  cleavage  cutting  transversely  across  it,  which  appears  to  be  in 
close  relation  with  the  general  cleavage  of  Devonshire.^  If,  therefore, 
pressure  metamorphism  be  invoked  to  account  for  the  origin  of  the 
chlorite  schist  and  its  banding,  the  force  must  be  relegated  to  an 
earlier  period,  and  thus  the  rocks  affected  by  it,  even  if  originally 
igneous,  cannot  be  of  Devonian  age. 

Of  themselves,  however,  these  schistose  rocks  afford  interesting 
study,  as  in  the  case  of  other  west-country  greenstones.*  One  type* 
(from  the  coast  near  Redlap,  and  also  from  a  quarry  for  road  metal 
N.W.  of  Stoke  Fleming),  is  clearly  an  ophitic  dolerite,*  but  exhibits 
changes  which  have  resulted  from  the  crushing  of  the  rock.  Much 
of  the  augite  is  still  very  fresh  and  clear,  but  it  seems  to  have  been 
brittle,  and  to  have  broken  along  cleavage  planes,  forming  fragments 
with  sharp  straight  boundaries.  Often  there  is  a  border  of  a  hom- 
blendic  mineral,  partly  an  alteration  product,*  although  some  is  not 
unlike  the  serrate  fringe  of  '  secondary  enlargement  *  described  by 
Van  Hise,"  having  cleavage  planes  continuous  with  those  of  the 
original  crystal.  A  fibrous  hornblende,  which  is  probably  asbesti- 
form,  also  seems  to  have  formed  at  places,  where  a  fragment  of 
augite  has  been  drawn  out  in  the  shearing  of  the  rock.  Elsewhere, 
as  Professor  Bonney  suggested  to  me,  strands  of  a  very  pale  viridite 
seem  to  be  connected  with  remnants  of  augite  crystals,'  and,  in  some 
cases,  the  viridite  encloses  small  pieces,  fragmental  in  outline,  now  con- 
verted into  fibrous  actinolite,  which  very  probably  have  resulted  from 
the  crushing  of  a  crystal  of  the  pyroxene.     Professor  Bonney  sug- 

1  Q.J.G.S.  1884,  Yol.  xl.  p.  8,  fig.  4,  p.  22. 

»  Q  J.G.S.  1876,  vol.  xxili.  p.  407,  S.  Allport.  Q.J.G.S.  1876.  Yol.  iixii.  p.  165, 
and  1878,  toI.  miv.  p.  471,  J.  A.  Phillips.  Q.  J.G.S.  1880,  vol.  xxivi.  p.  286,  and 
1886,  vol.  xlii.  p.  392,  F.  Rutley.    Brit.  Petro^r.  J.  J.  H.  Teall,  p.  228. 

'  Somewhat  like  the  Carlion  rock  (No.  7)  of  Mr.  Rutley,  Q. J.G.S.  1886,  p.  397. 
The  augite  resemhles  that  of  fig.  2,  p.  398. 

*  Cf,  Mr.  Allport,  Q.J.G.S.  1876,  p.  419. 

*  As,  for  eiainple,  in  the  Lizard  gabhro  and  basalt.  Q. J.G.S.  1877,  vol.  xxiiiL 
np.  904,  907,  Prof.  Bonney,  "  On  the  Serpentine  and  Associated  Rocks  of  the 
Lizard."  See  also  Q.J.G.S.  1886,  vol.  xli.  p.  620,  "  On  the  so-called  Diorite  of 
Little  Knott,"  and  Q.J.G.S.   1883,  vol.  xixix.  p.  256,  <*0n  Hornblende  Picrite 


6th  Rep.  1883-4. 
'  Cf,  Brit.  Petrogr.  J.  J.  H.  Teall,  pp.  216,  230. 
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gested  that  this  differenoe,  in  the  results  of  the  transformed  augite, 
might  be  dae  to  an  admixture  of  the  constituents  of  felspar  obtained 
in  the  crushing,  either  from  ophitic  plates  or  from  the  surrounding 
mass.  The  felspar  in  the  slide  has  been  completely  decomposed, 
and  the  ophitic  plates  can  be  identified  mainly  by  their  sharp  out- 
lines, preserved  within  the  surrounding  augite.  Rarely  a  granular 
crystalline  aggregation  seems  to  mark  a  former  felspar  now  replaced. 
Thus  this  rock  is  actually  in  a  condition  of  transformation,  and 
seems  to  point  out  what  may  result  from  the  crushing  of  an  ophitic 
dolerite.  Planes  of  schistosity  have  been  formed,  characterized  by 
streaks  of  viridite,  probably  derived  mainly  from  the  pyroxenic 
constituent,  and  the  larger  films  may  mark  the  loci  of  what  were 
once  augite  crystals.  Secondary  hornblende  has  formed  by  re- 
crystallization,  along  the  exterior  of  original  crystals,  or  from  the 
shearing,  possibly  of  an  unmixed  augite.  A  dusty  and  granular 
ground-mass,  partly  kaolinitic,  has  resulted  from  the  powdering  up 
of  other  constituents,  including  the  greater  part  of  the  felspar. 

A  slide  from  rock  of  a  second  type  is  crowded  with  plagioclase 
felspars,  exceptionally  well  preserved,  although  they  have  been 
much  broken  and  snapped  by  strains  acting  on  the  mass.  Crystals 
of  iron  oxide  are  abundant,  some  being  clearly  ilmenite.  The 
structure  of  this  rock  is  difficult  to  interpret,  but  the  felspars  seem 
to  have  occurred  as  porphyritic  crystals,  and  not  to  be  pyroclastic. 
Professor  Bonney  has  suggested  to  me,  that  the  ground-mass  might 
he  that  of  a  crushed  glassy  rock,  possibly  andesitic,  and  that  the 
greenish  mineral,  which  is  abundant  in  it,  might  perhaps  be  best 
classed  as  a  variety  of  palagonite.  Mr.  Rutley  describes  and 
figures  certain  rocks  from  Cant  Hill,  near  St.  Minver,  which  he 
believes  have  been  derived  from  what  was  once  a  rather  basic  glass, 
and  this  slide  from  Redlap  seems  to  have  a  ground-mass  something 
like  that  of  ^g.  1 — with  broken  felspar  similar  to  that  of  ^g,  3.^ 
I  have  not,  however,  recognized  in  these  Devonshire  specimens  the 
vesicular  structure,  which  the  other  rocks  exhibited. 

In  a  third  type  of  rock,  the  ground-mass  seems  to  have  been 
felspathic,  sometimes  crowded  with  well-defined  felspars,  which  are 
now  altered  to  a  filmy  mineral  (?  sericite).  Porphyritic  crystals  can 
be  traced,  which  have  undergone  an  aggregate  replacement.  Other 
groups  in  the  slide,  consisting  possibly  of  an  intergrowth  of  quartz 
and  felspar,  with  some  calcite,  might  represent  a  similar  porphyritic 
mineral,  or  they  are  possibly  amygdaloidal,  like  that  figured  by  Mr. 
Phillips.'  Sometimes  associated  with  these,  but  distorted  in  form, 
are  certain  viridite  or  serpentinous  strands,  which  may  be  examples 
of  the  crushed  amygdaloids  noted  by  Mr.  Rutley,  or  possibly  only 
the  infilling  of  secondary  cracks.  They  form  the  green  films,  which 
may  be  noticed  on  many  of  the  schistose  surfaces  near  Redlap, 
and  in  my  specimens  from  that  locality  I  searched  in  vain  for  any 
of  the  well-defined  chlorite  of  the  southern  schists,  with  which  minei*al 

1  Q.J.O.S.  1886,  Tol.  xlii.  p.  393,  pi.  xii.  figs.  1,  3. 
3  Q.  J.6.S.  1878,  Tol.  xzxiv.  p.  483,  pi.  zx.  fig.  2. 
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the  rooks  are  said  to  be  oharged.^  Mr.  Somervail  may,  however, 
allude  to  some  other  specimens  from  these  oli£fs  (since  I  did  not 
attempt  to  make  an  exhaustive  examination  of  the  place).  Bat, 
even  if  chlorite  occurs,  as  it  does,  although  not  to  a  large  extent, 
in  the  djke  further  south,  its  presence  is  a  rather  slender  argument 
for  the  identification  of  the  schist  and  the  diabase,  since  it  is  one 
of  the  commonest  secondary  products  in  basic  igneous  rocks  of  any 
age  or  locality. 

I  examined  the  associated  sedimentary  rocks  at  Bedlap,  and  they 
are  genuine  phyllites  of  the  ordinary  Devonian  character,  with  only 
the  usual  crystalline  development  of  minute  films  along  the  lamin- 
ation.' If  the  greenstones  were  the  equivalents  of  the  chlorite  rock 
of  the  south,  it  would  be  strange,  that  these  associated  phyllites 
should  present  such  wide  and  well-marked  differences  firom  the  mica 
schists.  They  exhibit  effects  of  pressure  metamorphism,  even  more 
strongly  than  the  phyllites  just  north  of  the  fault,  which  bounds  the 
crystalline  series,  and  jet  they  are  totaUy  unlike  the  mica  schists  in 
that  series.  In  one  of  the  phyllites  near  Bedlap,  the  laminse  are 
puckered  up  into  undulations,  across  which  at  places  extends  a  suc- 
cession of  small  brown  films.  These  appear  to  have  formed  from 
a  ferruginous  infiltration,  inserting  itself  and  accumulating  between 
the  laminsB,  along  the  steeper  slope  of  the  waves.  Just  at  this  part, 
rupture  has  often  taken  place,  thus  forming  an  incipient  strain- 
slip  cleavage,  marked  only  by  a  darker  staining.  The  steeper  slope 
of  the  undulations  is  almost  universally  in  the  same  relative  position 
— doubtless  on  that  side  towards  which  the  thrust  of  the  rocks  was 
directed. 

I  must  thank  Mr.  Somervail,  for  calling  my  attention  to  the 
deserted  quarry  of  chlorite  schist  to  the  north  of  the  Hall  Sands 
streamlet,  in  consequence  of  which  the  boundary-line  must  be  marked 
at  that  part  of  the  valley  as  north  of  the  stream.'  It  is  to  be 
regretted,  however,  that  Mr.  Somervail  does  not  withdraw  his  former 
untenable  assertion,  but  attempts  to  renew  it,  by  confusing  together 
the  correct  indication  of  the  boundary  given  by  Professor  Bonney  on 
the  coast,  and  any  slight  modification  which  I  have  to  make  in  the 
direction  I  traced  inland.  The  position  on  the  coast  would  not  be 
affected  by  the  occurrence  of  the  chlorite  schist  south  of  the  valley, 
nor  by  this  chlorite  schist  north  of  the  valley.  The  hypothesis  of  a 
straight  east-to-west  line  for  the  fault  is  quite  gratuitous,  since  no 

1  Trans.  DeTon  Assoc.  1888,  p.  224. 

'  Thus  these  rocks  in  the  direction  of  their  micaceous  constituent  would  agree  with 
the  phjilites  described  by  Professor  Bonney  from  near  Morlaix,  Q.J.6.S.  1888, 
Tol.  xliT.  p.  13,  and  would  differ  from  those  near  Torcross,  Q.  J.6.S.  1884,  vol.  xl. 
p.  17. 

'  See  map  Q.J.G.S.  1887,  vol.  xliii.  p.  715.  The  dotted  line  marking  the  junction 
of  phyllites  and  metamorphic  rocks  should  probably  cross  the  stream  about  east  of 
the  /  of  Muckwell,  before  bending  south-eastward  or  E.S.E.  to  the  coast.  This 
alteration  does  not,  howeyer,  disprove  the  possibility  that  the  fault  may  have 
determined  the  lower  course  of  the  valley,  since  there  are  no  exposures  which  we  can 
trust  along  the  400  yards  between  the  quarry  and  the  beach  ;  and  also  in  a  continued 
erosion  along  a  fault,  a  portion  of  one  rock  may  often  be  left  adhering  at  some  spot 
to  the  mass  against  which  it  was  faulted. 
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one  attempts  to  draw  suoh — how  could  the  line  in  that  case  reach  on 
the  Saloombe  estuary  a  position^  which  is  considerably  to  the  north 
of  a  line  drawn  due  west  from  Hall  Sands  ? 

In  connection,  also,  with  the  suggestion,  that  the  chloritic  rock 
near  the  fault-line  was  a  '*  buffer,  checking  the  northward  spread  of 
metamorphism/'  ^  I  should  like  to  ask,  why  was  this  duty  neglected 
by  the  much  larger  and  more  extensive  mass  near  Prawle  Point, 
and  that  overlooking  The  Barr? — to  the  noiiJiward  of  which,  in 
both  cases,  lie  well-marked  mica-schists.  I  might  take  exception  to 
many  other  statements,  but  I  should  not  be  justified  in  thus  occupying 
space,  for  they  are  matters  of  detail,  compared  with  the  suggested 
identification  of  the  two  series  of  rocks.  These  may  have  some 
resemblance  to  each  other — though  I  should  have  thought  it  so 
superficial  as  not  to  mislead  any  practised  observer;  but  even  if 
there  be  a  vague  resemblance,  due  to  their  having  had  the  same 
origin,  they  cannot,  as  I  have  shown,  have  been  manufactured  at 
the  same  epoch. 


VIL — On  boms  Ostbaooda  from  the  Mabou  Coal-field,  Invebness 

Co.,  Cape  Breton  (Nova  Sootia). 

By  Prof.  T.  Rupb&t  Jonbb,  F.R.S.,  and  J.  W.  Eibkbt,  Esq. 

THIRTEEN  specimens  of  black  shale,  crowded  with  Ostracoda, 
besides  fish-scales,  AnthracomysB  (?),  and  other  small  fossils, 
were  sent  in  1886  by  Mr.  J.  F.  Whiteaves,  F.G.S.,  Palaeontologist  of 
the  Geological  Survey  of  Canada,  for  examination.  They  had  been 
collected  by  Mr.  A.  H.  Foord,  F.G.S..  of  that  Survey,  in  1881. 

In  these  coal-shales  the  Ostracoda  are  very  numerous  as  indi- 
viduals, but  belong  apparently  to  very  few  species  of  one  genus. 
They  are  in  a  great  degree  similar  to  those  mentioned  in  the  Geol. 
Mao.  Dec.  11.  Vol.  VIIL  1881,  p.  95,  and  Dec.  III.  Vol.  I.  1884,  p. 
358,  etc.,  as  occurring  in  the  black  coal-shales  of  the  South  Joggins, 
Nova  Scotia. 

In  the  Mabou  coal-fields  we  find : — 

1.  Carbania  fahuHna^  J.  and  K.,  very  abundant  It  is  of  rather 
smaller  size  than  the  Scottish  forms  figured  and  described  in  the 
Ann.  Mag.  Nat.  Hist.  ser.  5,  vol.  iv.  (1879),  p.  31,  pi.  2,  figs.  1-10. 
The  innumerable  minute  Ostracoda  imbedded  throughout  Uie  shale 
seem  to  be  small  individuals  of  C.  fahtdina, 

2.  Among  the  foregoing  is  a  variety  larger  than  the  Scotch  speci- 
mens referred  to,  rather  more  oblong  in  outline,  and  with  stronger 
marginal  overlap,  and  a  somewhat  coarser  punctation  of  the  surface. 
It  may  be  termed  var.  olttlis  (well-nourished). 

3.  Carbonia  (?)  bairdioides,  J.  and  E.,  also  occurs,  but  far  less 
abundantly  than  C.fabulina.  The  specimens  more  closely  resemble 
^g.  24,  pi.  8,  "  A.  M.  N.  H."  ser.  5,  vol.  iv.  p.  38,  than  fig.  8,  pi.  12 
of  the  Qeol.  Mao.,  Deo.  III.  Vol.  I.  p.  359. 

Carbonia  fabvdina  is  abundant  in  the  Upper  and  the  Lower  Carbon- 
iferous  formations  of  Britain,  wherever  the  conditions  had  been 

^  Trans.  Der.  Assoc.  1888,  toI.  xz.  p.  217. 
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faTonrablfl  for  the  formation  of  Ooal-abalM,'  Mpedall;  in  tbe  Lower 
CuboniferonB  seriet  of  Scotland.  C.  hairJioidet  oooun  more  rarely, 
but  in  atratA  aimilor  to  the  above,  in  Scotland  and  Staffordshite. 
They  both  ooonr  at  the  Jogcins,  on  the  shore  of  the  Cumberland 
Baain,  Cnmberland  Co.,  NovaSootia,  as  notioed  above. 

The  geoloRioal  featorea  of  InTemesi  Coon^  (Cape  Breton),  Nova 
Sootta,  and  ttie  relationships  of  the  strata  are  desoribed  in  detail  in 
the  Geological  and  Natural-History  Survey  of  Canada :  Report  of 
Progress,  1886 ;  and  Beports  and  Maps  of  Investigations  and  Snr- 
veys,  1882-83-84 ;  inoluding  Report  (H)  on  tho  Oeology  of  Northern 
Cape-Breton,  by  Hugh  Fletcher,  1881. 


Fios.  1-4.     CtrbmiafahidiHa,  J.  ft  E.    Tar.  altitU,  noT. 

FiQ.  1.    Carapace,  showiog  the  left  Talre,  overlapped  by  tbe  other  Ttlie  at  tl 


Fio.  4.    Pnndation  of  tbe  raiftce ;  highlf  magnified. 

The  Inverness  Coal-field  is  treated  of  at  p.  63  H ;  and  the  Mabon 
Coal-basin  at  p.  61 H.  This  is  leferred  to  as  belonging  to  the 
"  Lower  Carboniferoos  "  series  at  p.  53  H  and  on  tho  Map  (No.  14, 
1884),  accompanying  Mr.  Fleteher's  Report.  At  p.  6  of  the  Report  H, 
however,  it  ia  referred  to  the  "  Middle  Carboniferous,"  which  consists 
of  "  Conglomerate  and  Coal-measures  "  in  that  looality. 

The  strata  containing  tbe  specimens  under  notice  are  indicated  in 
Ur.  Fletcher's  Map  (No.  14)  as  at  the  plaoe  where  Hr.  Foord 
collected  fossils  in  1881,  on  the  shore  about  one  mUe  and  a  half 
south  of  Cape  Mabou,*  and  about  one  mile  north  of  the  spot  marked 
"  Mabou  Coal-mines  "  on  the  same  map. 

Tbe  "  Blaok  Shales  "  of  t)ie  Mabou  Coal-measures  are  mentioned 
in  the  list  of  strata  at  p.  70  H,  thus — 

"  12.   Dark -bluish-grey,  thin-bedded,  oalcareo- bituminous  shale ; 

>  See  Qaart.  Jonm.  QeoL  Soe.  toL  ixxt.  1879,  pp.  30  and  3S ;   and  Obol.  Mio. 
Dec.  III.  Vol.  I.  1884,  p.  360. 
■  The  po*t>town  called  "Cape  Habon"  ia  three  miles  cart  (inland)   of  Cape 
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fiali  scttlesi  teeth,  ooprolites,  aod  ipines,  Oytlitrt,  Naiadilei,  Spirorhu. 
—2  feet. 

"13.  Dark-blaish-grey,  flaggy,  oonoretionary,  oalcareous  rook, 
with  the  same  foMils. — 2  ft.  6  inohes."  There  follow  (14^29)  other 
■hales  and  ehalej  beds,  more  or  less  bituminous.  At  p.  71  H  it  is 
(tkted — "  The  black  Bhatea  are  thoss  from  which  an  interestiDg 
odleotion  of  fossils  was  made  by  Mr.  Foord,  of  the  Qeologioal 
Snrvey,  in  the  summer  of  1S81.  In  this  oolleotion  the  followiag 
fbrins  have  been  determined  by  Mr.  Whiteaves  i—Naiadilei  (Anthra- 
wplera)  carboitaria,  Dawson;  N.  (Anlhraeomya)  elongata,  Dawsna ; 
Eotomostraca ;  £Auoduj  laneifer,  Newberry  (soales) ;  Ctelaeanlhui 
(jugular  plates)  ;  aoales  of  two  zenera  of  Ganoid  Fishes  ;  also  jaws 
and  teeth  of  Fisbes  andetenninML" 


yUL — On  thc  Disootkkt  or  TumatspAa  m  thx  Utioa  Fobmatjor 

((h(DOVioi*K)  OF  Ottawa,  Cahada. 

By  H«M»T  Wmbwabi^  LL.D..  F.fi.8.,  P.Q.8. 

r.  AUI'S  interesting  disoovery  has  already  been  annonnoed  in 
a  letter  addressed  to  Mr.  A.  H.  Foord,  F.G.S.,  published  in 
this  Madazimk  (October,  1888).  Mr.  Ami  now  supplies  a  "  Kote  " 
on  the  precise  geological  position  of  the  beds  in  which  the  TiirrHepaa 
was  found.  Want  of  space,  however,  precludes  us  from  giving  the 
whole  of  his  detailed  observations,  which  are  aooompanied  by 
a  sketch  section,  here  reproduced : — 

The  following  is  a  summary  of  Mr. 
Ami's  "Note." 

The  Ttarilepat  was  found  in  a  band 
of  bituminous  limestone  cropping  out  on 
the  right  bank  of  the  Bideaa  Biver,  at 
the  Bifle  Bange,  near  Ottawa.  The  pre- 
cise position  of  the  beds  (Lower  Utioa  = 
about  the  lower  part  of  the  Bata  Series),* 
was  ascertained  oy  means  of  their  fossil 
contents,  which  include  an  interesting 
Brachiopod — Siphonolreta  Beoliea,  identi- 
fied and  named  by  the  late  Dr.  T.  David- 
son, F.B.S. 

The  calcareous  and  shaly  measures 
characterizing  the  Lower  TJdoa  in  this 
district,  as  exposed  on  the  Bideau  Biver, 
have  a  south-by-west  dip  of  about  4°,  and 
exhibit  a  portion  of  die  •onth-westem 
limb  of  a  low,  denuded  anticlinal,  which, 
however,  affects  the  physical  aspect  of  the 
country  to  a  very  small  extent 

The  accompanying  sketch  is  a  diagram 
lection  of  the  rocks  cropping  out  at  the     Di«(trsin-»ectioB  of  rocka  at 
Rifle  Bange  rapids.    The  depth  of  section        Bias  Bangs  aear  Ottawa. 
is  about  22  feet 
■  Hr.  Ami  rogatd*  them  aa  tguiralant  to  the  Uandeilo  oi  Ccu^Qti,  kjnbub. 
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(pp.)  There  are  resting  UDoonformablj  upon  the  Utica  beds 
between  1  and  2  feet  of  Post-Tertiary  sands  and  gravels,  debris 
from  the  glacial  clays  or  ''till,"  the  <'Leda  day,''  and  overlying 
sands  of  the  Bideau  Valley,  a  valley  of  denudation. 

(a.)  These  upper  measures  consist  of  thin-bedded,  soft,  at  times 
hardened,  black  or  dai'k  brown,  bituminous  shales,  holding  crinoidal 
fragments  associated  with  Lingula  progne,  OrtJUa  testudinaria^ 
Trocholites  ammonius,  Endoceraa  proteiformef  TViarihrtu  Beckif 
Asaphus  Canadensis,  etc. 

(6.)  Thin  Conti/arta-band,  consisting  of  dark  grey  impure  lime- 
stone, with  Orthis  testudinaria,  Leptana  aericea,  Conviaria  Trenton" 
ensisy  etc 

(c.)  Zone  of  Siphonotreta  scottca,  Davidson.  Band  of  black 
bituminous  limestone,  often  shaly  in  character,  and  containing 
numerous  fossils,  including  Lingula  elongata,  Discina  Pelopea,  Lep- 
t(sna  sericea,  Zygospira  Headi,  Conviaria  Trentonenais,  Calymene 
senaria,  Beyrichia  ocutifera^  and  Turrilepas  Canadensis. 

(d,  e,  /,  g.)  Thin  bands  of  black,  grey,  or  dark  brown  calcareous 
and  bituminous  shales,  highly  fossiliferous,  except  (g),  which  is 
'*  apparently  destitute  of  fossils." 

(h,)  Light  yellowish,  grey  weathering,  argillaceous  limestone 
bands,  with  shaly  partings  between  the  divisional  planes  of  strati- 
fication, distinctly  nodular  in  character  and  structure,  disintegrating 
rapidly  under  atmospheric  influence.  Fossils  : — Monticuliporida, 
Bracbiopoda,  Orthocerata,  Bucania  expansa.     5  feet  5  inches. 

(t,  k,  L)  Thin  bands  of  bituminous  limestones  and  shales,  from 

3  to  10  inches  in  thickness,  the  last  (l)  holding  Orthis  testudinaria, 
Leptana  sericea,  Calymene  senaria. 

(m.)  Dark  grey,  bituminous,  crinoidal  limestone  band  with  Lep- 
tana sericea,  etc.  This  stratum  dips  north  and  south,  being  on  the 
axis  of  the  anticlinal  referred  to  above.     Thickness  varying  from 

4  to  6  inches. 

(n.)  Thin  shaly  parting,  with  Asaphus  Canadensis. 

(o.)  Hard,  compact,  light-weathering,  dark  grey  limestone  band, 
holding  Orthis  testudinaria,  Leptana  sericea,  Calymene  senaria,  Asa- 
phus Canadensis,  Conularia  Trentonensis. 

(p.)  Compact,  dark  grey,  impure  limestone,  bituminous  and 
fossiliferous,  holding  Asaphus,  sp.  indt.,  crinoidal  fragments,  etc., 
preserved  in  a  light,  yellowish-brown,  ferruginous  matrix.  Thick- 
ness, 8  inches. 

At  a  meeting  of  the  Geological  Society  of  London  on  June  7th, 
1865,  I  described  a  new  genus  of  Cirripedia  from  the  Wenlook 
Limestone  and  Shale  of  Dudley,  which  I  named  Turrilepas  (see 
Quart  Journ.  Geol.  Soc.  vol.  xxi.  pp.  486-489,  pi.  xiv.  figs.  la-l). 

This  Cirripede  (or  part  of  a  Cirripede)  had  as  many  as  four  rows 
of  asymmetrical  plates,  with  more  than  eight  plates  in  each  row; 
the  surface  of  each  plate  had  a  uniform  sculpturing  of  fine,  slightly 
waving,  delicate,  raised  lines  similar  to  those  seen  on  the  opercular 
valves  of  Balanus  or  of  FoUicipes.   As  many  as  three  or  four  different 
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forms  of  plates  are  known,  these  are  arranged  in  linear  series  of 
Bimilar  plates,  each  series  being  strongly  imbricate  from  below 
upwards,  and  so  disposed  that  the  edges  of  the  contiguous  series  are 
alternate  in  position,  and  partially  cover  one  another  laterally. 

In  the  Supplement  to  vol.  i.  of  Barrande's  great  work  "  Syst^me 
Silarien  du  Centre  de  la  Boh§me,**  part  i.  1872,  p.  565,  the  author 
describes  a  similar  form  under  the  generic  name  PlumuliteSf  of  which 
he  records  ten  species,  based  on  detached  plates  from  beds  in  various 
localities  in  Bohemia,  from  D  IzrLingula  Flags,  to  E  2=Wenlock 
Limestone. 

Several  of  these  plates  closely  resemble  those  from  the  Wenlock 
Limestone  of  Dudley ;  the  others,  whilst  agreeing  in  their  orna- 
mentation, have  the  apex  of  the  plates  obtuse,  and  the  ornamental  lines 
Dear  the  summit  circular  and  fenestrated.  These  may  possibly  have 
been  terminal  or  opercular  plates,  the  more  pointed  forms  being  the 
peduncular  plates  (see  Q.  J.  6.  S.  1865,  p.  488). 

In  their  "  Monograph  of  the  Silurian  Fossils  of  the  Qirvan  District 
in  Ayrshire,"  etc.,  H.  A.  Nicholson,  and  Robert  Etheridge,  jun. 
(vol.  i.  1880,  fasc.  ii.  pL  xiv.  figs.  22-27,  pp.  213-215,  and  fasc. 
iii.  pp.  299-302,  pi.  xx.  figs.  8-10)  describe  two  new  species  of 
Turrilepas,  namely,  T,  Peachii,  Eth.  and  Nich.,  and  T.  Scotica,  R. 
E.,  jun.,  from  the  Silurian  of  Girvan,  Ayrshire. 

In  their  observations  on  Turrilepas  one  of  these  authors  writes 
(p.  213)  as  follows: — "The  genus  Turrilepas  was  established  by 
Dr.  H.  Woodward  for  certain  peculiar  ovate-triangular  plates  from 
the  Dudley  Limestone,  previously  known  under  the  name  of  Chiton 
WrighiianuBj  de  Eoninok.  Dr.  Woodward  satisfactorily  showed  that 
these  plates  were  more  properly  refers^ble  to  a  form  of  Cirripede 
allied  to  Loricula  (and  for  which  he  proposed  the  name  Turrilepas) 
than  to  Chiton^  or  to  any  other  Mollusc. 

"Priority  is  claimed  by  M.  Barrande  for  his  term  {Flumulites)  on 
the  plea  of  previous  publication.  For  my  own  part,  I  hardly  think 
the  facts  support  M.  Barrande's  claim.  Dr.  Woodward's  name  was 
both  proposed  and  published  in  1865  ;  and  although  the  genus  was 
certainly  not  defined  in  so  many  words,  it  was  nevertheless  founded 
on  a  well-known  and  perfectly  defined  fossil,  and,  what  is  more,  was 
copiously  illustrated.  I  take  this  to  be  satisfactory  publication.  It 
appears  that  M.  Barrande  had  discovered  similar  plates  in  the 
Silurian  rocks  of  Bohemia,  and  applied  to  them  the  name  Plumtdites, 
— a  fact  which  was  communicated  (orally)  by  Prof.  Reuss  to  the 
Imperial  Academy  of  Science  of  Vienna,  18th  February,  1864,  and 
the  name  was  published  in  a  paper  of  the  latter,^  but  unaccompanied 
either  by  description  or  figure.  So  far  as  I  understand  the  question, 
no  description  or  figure  was  furnished  by  Barrande  until  the  appear- 
ance in  1872  of  the  supplement  to  the  first  volume  of  his  magnificent 
work  on  the  Silurian  System  of  Bohemia  (already  quoted). 

"I    think,   under    these  circumstances,   that   strict  impartiality 
requires  the  adoption  of  Dr.  Woodward's  name  Turrilepas,     Again, 
Messrs.    Hall    and   Whitfield   adopt    PlumuUies    in    preference    to 
>  Sitz.  Berichte  d.  k.  k.  Akad.  WissenBch.  vol.  xlix.  p.  215. 

DBCADB   II/.  — rOL.  VI. — VO,  YU  \^ 
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TurrSepat,  on  ths  groand  that  the  Iatt«r  ms  nflrer  ohAraoterized ; 
but  my  pTeviouB  remarks  equally  apply  in  thia  oase."  (NicholMn 
and  Etheridge,  Oirvan  Diatriot,  p.  214.) 

In  MeBBTB.  James  Hall  and  John  M.  Clarke's  Qeological  Sorrey  of 
the  State  of  New  York,  Palseontology,  Albany,  N.Y.  1888  (4to.  pp. 
215-220,  pi.  xxxvi.  figa.  1-19).  the  authors  give  figures  and  descrip- 
tions  of  eight  species  of  Turrilepai  from  the  Dpper  Helderberg  and 
Bamilton  groups = Devonian,  Ontario  and  Ohio.  One  or  two  of  these 
plates  resemble  somewhat  Barrande's  Bohemian  species  and  also 
plates  figured  by  the  writer  from  the  Weolock  Shale,  Dudley,  but  they 
are  apparently  all  speoificaljy  distinct  from  the  European  forms,  but 
with  the  same  persistent  ornamentation  in  which  they  all  agree.' 

The  discovery  by  Mr.  Ami  of  a  new  specimen  of  Turrilepai  in  so 
low  an  horizon  as  the  TJtica  aeries,  eqaivaleut  to  our  Llandeilo  Flags, 
is  particularly  interesting,  as  the  species  recorded  by  Messrs.  Hall 
and  Clarke  in  Ontario  are  all  from  the  much  later  Devonian  formation. 


Description  of  the  Ottawa  specimen  : — 

Valve  roughly  triangular,  right-hand  border  very  broadly -rounded, 
but  contracting  inwards  towards  the  apex;  lower  border  sinuous  in 
outline;  left-hand  mai^n  nearly  straight,  curving  slightly  towards 
the  apex,  which  is  deflected  a  little  towards  the  right  side  ;  the  stria, 
which  are  slightly  raised,  are  about  80  in  number,  very  delicate 
and  regular,  and  all  follow  the  undulations  of  the  lower  border ; 
the  carina  dividing  the  right  and  left  sides  of  the  valve  is  very  niu^h 
nearer  to  the  left-hand  margin,  with  which  it  is  also  parallel  nearly 
to  the  apex,  the  left  side  being  only  about  one-third  as  wide  as  IJie 
right  side  ;  at  about  a  third  of  the  distance  between  the  carina  and 
the  right-hand  border  of  the  valve  and  parallel  to  the  carina  is 
another  appnrent  ridge  (marked  in  the  woodcut  by  a  line  of  shading) ; 
this  is  really  a  flexure  in  the  lines  of  growth  and  ornamentation, 
which  is  further  emphasized  by  a  fracture  in  the  matrix  containing 
the  specimen  exactly  on  this  line. 

Tlie  valve  of  Turrilepas  Cauadeniis  measures  six  millimetres  in 
height  and  five  millimetres  in  breadth. 

In  general  form  the  Ottawa  specimen  agrees  somewhat  closely  with 

1  This  omamentstjon,  ae  I  haie  painted  out  {see  Geol.  Uao.  ISBO,  Dec.  11. 
Vol.  VII.  p.  167)  occurs  also  on  the  bodr  plates  of  the  BDomaloua  Cystidpau, 
AltltBcyiUlety  which  is  found  in  the  Mine  Genlock  Limcatone  of  Dudleir,  and  in 
the  TreatOD  Limesloae  of  Ottawa. 
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one  of  those  fibred  by  the  writer  in  1 865  (see  Quart  Joum.  G^l. 
Soo.  vol.  xxi.  pi.  xiy.  fig.  It) ;  but  the  Wenlock  Rpecimen  is  broader 
in  proportion  to  its  length,  and  the  keel  of  the  valve  is  straigbter, 
and  the  general  outline  more  angular  tban  is  the  case  with  the 
Ottawa  specimen. 

I  propose  for  this  new  form  the  trivial  name  of  Canadensis,  and 
trust  that  before  long,  through  the  researches  of  Mr.  Ami,  we  may 
become  aqaainted  with  many  more  examples  of  the  valves  of  this 
Tery  interesting  and  widely-distributed  fossil. 


IX.— Remarks  on  Mb.  Davison's  Papeb  on   Secular  Straining 

OF  THE  Earth. 

By  Ret.  0.  Fiskbk,  M.A.,  F.G.S. 

AVERY  important  discovery  was  made  independently  by  Mr* 
Davison,  and  somewhat  earlier  by  Mr.  T.  Mellard  Reade, 
when  they  demonstrated  that,  on  the  hypothesis  of  the  earth  having 
cooled  as  a  solid  body,  there  is  within  it  a  certain  level,  which 
is  called  by  Mr.  Davison  the  "  surface  of  zero-strain,"  and  for  which 
Mr.  Reade  has  adopted  the  term  **  level  of  no  strain.*'  At  this  level 
compression  ceases,  and  for  a  certain  distance  beneath  it  extension,  or 
stretching  of  the  layers  of  the  globe,  takes  the  place  of  compression. 

There  are  one  or  two  points  in  Mr.  Davison's  paper  which  invite 
remark,  because  they  have  an  important  bearing  upon  the  geological 
aspect  of  the  subject.  He  states  that  he  has  come  to  the  conclusion 
that,  after  an  interval  of  174,240,000  years  since  the  earth  solidified, 
the  depth  of  the  surface,  or  level,  of  no  strain  "was  or  more  probably 
will  be  "  five  miles.  But  for  geological  purposes  what  we  want  to 
know  is,  what  the  depth  of  this  level  may  be  at  the  present  time. 
Now,  on  the  assumption  that  the  earth  has  cooled  as  a  solid,  this  is 
easily  calculated,  without  the  need  of  any  knowledge  either  of  the 
length  of  time  since  solidification,  or  of  the  conductivity  of  the 
materials  of  which  the  crust  of  the  earth  is  composed. 

Tlie  formula  which  gives  the  depth  of  the  level  of  no  strain  within 
a  few  hundred  feet  is  simple.     It  is  : 

^      ,      - ,      ,     -  6      /tempemture  of  solidifirations^ 

Depth  of  Uv4l  of  no  ,tram  =  2;r^QLmperuture  yradi^tt )  -'•«^*"'- 

The  temperature  gradient  at  present  is  known  to  be  -/f  of  a 
degree  Fahr.  per  foot.  The  only  quantity  to  be  guessed  at  is  the 
temperature  of  solidification,  which  Mr.  Davison,  following  Sir  Wm. 
Thomson,  puts  at  7000^  Fahr.  The  radius  of  the  earth  in  feet  is 
20.900,800. 

Working  out  the  sum  we  then  find  that  the  depth  of  the  level  of 
no  strain,  on  this  hypothesis  respecting  the  temperature,  is  at  the 
present  time  11,645  feet,  or  2*2  miles. 

But  7000^  Fahr.  seems  to  be  an  excessive  temperature  for  solidi- 
fication ;  and  if  we  put  it  at  4000°,  which  seems  more  probable,  the 
depth  of  this  level  at  the  present  time  would  only  be  a  little  over 
half  a  mile.     It  must  be  remembered  that  the  de\)th  of  tViv^  I^n^V 
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increases  as  time  goes  on,  so  that  it  is  deeper  down  now  than  ever 
it  has  been  before. 

It  is  obvious  that  the  amount  of  compression  which  can  be  got 
out  of  a  superficial  shell  certainly  not  more  than  two  miles  thick, 
and  probably  much  less,  the  compression  gradually  diminishing  and 
coming  to  an  end  at  that  depth,  can  have  produced  scarcely  any 
appreciable  folding.  We  must  therefore  look  in  some  other  direction 
for  the  cause  of  rock  folding,  thrust  planes,  and  other  phenomena  of 
that  nature.  The  probability  is  that  the  theory  of  the  earth  being 
solid  throughout  is  incorrect 


I. — Records  of  thb  Geological  Subvby  of  Nbw  South  Walks. 
Vol.  I.  Part  I.  Department  of  Mines,  Sydney,  1889.  8vo. 
31  pp.  and  Plates  i. — iv. 

AS  a  significant  indication  of  the  increasing  interest  in  geological 
science  in  New  South  Wales,  it  gives  us  pleasure  to  call 
attention  to  the  first  part  of  a  new  periodical,  issued  under  the 
auspices  of  the  Geological  Survey  of  that  colony,  in  which  it  is 
intended  to  record  the  discoveries  and  observations  in  the  geology, 
palaaontology  and  the  mineral  deposits  of  the  country.  The  part  just 
issued  contains  seven  papers  on  a  great  variety  of  subjects,  amongst 
which  may  be  noticed  '  Notes  on  the  Geology  of  the  Barrier 
Banges  District  and  Mount  Browne  and  Tibooburra  Groldfields,  by 
C.  S.  Wilkinson,  F.G.S.,  Geological  Surveyor  in  charge  * ;  *  Report 
on  the  Discovery  of  Human  Remains  in  the  Sand  and  Pumice  Bed  at 
Long  Bay,  near  Botany,'  by  T.  E.  David,  F.G.S.,  and  Robt  Etheridge, 
jun.,  and  '  On  a  Coral  intermediate  in  structure  between  the  Genera 
Lonsdaleia  and  Spongophyllum,  etc.,'  by  R.  Etheridge,  jun. 

6.  J.  H. 

n. — Faune  du  Calcaibb  D'Erbray  (Loirb  inf£bibube).  Par 
Charles  Barrois.  Contribution  a  Tetude  du  Terrain  D^vonien 
de  rOuest  de  la  France.  Extrait  des  M^moires  de  la  Societe 
geologique  du  Nord,  tome  iii.  Avril,  1889.     pp.  384,  pis.  i.-xvii. 

FROM  the  beds  of  limestone  quarried  near  the  small  town  of 
Erbray  (Loire  inf^rieure)  a  comparatively  rich  fauna  was 
obtained  by  M.  Cailliaud  in  1861,  who  compared  it  with  that  of  the 
Bohemian  6tage  F.,  the  so-called  third  Silurian  Fauna  of  Barrande, 
and  it  has  since  been  regarded  as  the  sole  representative  of  this 
particular  division  in  France.  This  conclusion  is  now  called  in 
question  by  Dr.  C.  Barrois,  who  has  made  an  exhaustive  study  of 
the  fossils  from  these  rocks,  and  described  and  illustrated  them  very 
fully  in  the  present  memoir.  The  limestones  yielding  the  fossils 
occur  as  discontinuous  lenticular  masses  in  a  series  of  fine  argil- 
laceous schists,  which  are  unfossiliferous  and  estimated  to  be  from 
800  to  1000  metres  in  thickness.  Dr.  Barrois  recognizes  three 
distinct  levels  in  the  limestones,  each  marked  by  particular  litho- 
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logical  oharactera,  oorresponding  to  as  many  palaeontological  zones. 
Some  of  the  beds  are  largely  crinoidal ;  the  fauna  on  the  whole  is 
very  varied,  and  the  number  of  species  described  is  about  200,  of 
whioh  57  are  considered  as  new.  Amongst  the  corals  simple  forms 
of  Cyaihophyllum,  Zapkrentts  and  Amplexua  predominate.  A.  new 
genus,  Briantia,  is  proposed  for  simple  corals  allied  to  Cyathophyl- 
/fint,  but  with  a  solid  external  zone  of  considerable  width.  New 
species  of  Striaiopora^  Ccenites,  and  Acervularia  are  likewise 
described ;  HelioUtea,  Favosiies,  Beaumontiay  and  Alveolites  are  also 
represented,  but  no  forms  of  Stroma topor a  have  been  recognized. 
The  Brachiopoda  are  very  numerous;  the  principal  genera  are 
Bhynchonella,  with  two  new  species ;  OrthiSf  Meristella,  Athyris, 
Spirifer,  and  Centronella  ?  each  with  three  new  species ;  examples 
of  Strophomenaf  Atrypa  and  Pentamerus  are  also  present.  Of  the 
Lamellibrancha,  the  genus  Conocardium  is  the  most  numerously 
represented.  The  Oasteropods  all  belong  to  the  Holostoma,  the 
principal  forms  are  included  in  the  genera  Pleurotomariaf  Murchi- 
sonia,  Bellerophon,  Strophostylus,  and  especially  PlaiyceraSy  of  which 
there  are  no  fewer  than  12  new  species.  The  Cephalopods  are 
mostly  included  in  the  subgenus  Jovellania,  and  the  Trilobites 
belong  to  Calymene,  Phacops,  Dalmaniles^  Proetus,  Harpes,  Cheirurus 
and  Bronteus. 

The  fauna  of  the  Erbray  limestones  bears  a  great  resemblance  to 
the  Heroynian  fauna  of  the  Harz,  and  to  that  of  the  Stages  F.  O.  H. 
of  Barrande.  It  is  referred  by  the  author  to  the  £tage  Gedinnian, 
which  is  at  the  base  of  the  Devonian  in  the  West  of  Europe,  and  it 
likewise  corresponds  to  the  Oriskany  sandstone  and  the  Upper 
Helderberg  of  North  America  and  the  limestones  of  the  Carinthian 
Alps  and  of  the  Urals.  It  is  a  distinctly  lower  stage  than  that  of 
the  Coblenzian,  which  by  many  authors  is  still  regarded  as  the  base 
of  the  Devonian.  G.  J.  H. 


I^  E  "V  I  E  ^W  S. 


I. — ^Ths  Probable  Cause  of  the  Displacement  of  Beaoh-ltnes. 
An  Attempt  to  Compute  Geologioal  Epochs.    By  A.  Blytt. 

[Printed  in  English,  Christiania  Yidenskabs-Selskabs  Forhandlinger, 
1889,  No.  1.     With  two  Supplementary  Notes.] 

ON  first  thoughts  it  seems  impossible  to  divine  any  connection 
between  layers  of  septaria  or  bands  of  ironstone,  and  the 
eccentricity  of  the  earth's  orbit  Yet  those  who  have  read  with 
attention  a  previous  communication  by  the  same  author,  **  On 
Variations  of  Climate  in  the  Course  of  Time,"  *  will  perhaps  not  be 
surprised  at  the  latest  evolution  of  his  doctrines. 

A  study  of  the  Recent  and  Post-Pliocene  deposits  of  Norway  and 
Denmark  furnished  the  author  with  evidence  '*that  climate  is  subject 
to  periodical  alterations."     He  was  also  led  to  conclude  that  alter- 

>  Beprintedin  «<  Nature,"  July  8th  and  ISlh,  \%%Q. 
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Dations  of  strata,  formed  under  different  physical  oooditions,  ooold 
not,  as  a  rule,  be  attributed  to  local  phenomena,  but  are  rather  due 
to  general  and  more  permanent  causes. 

Thus  in  oold  and  dry  periods,  the  rivers  which  are  nourished 
mainly  by  springs,  are  rich  in  soluble  substances,  and  from  their 
comparatively  small  volume,  they  carry  little  detrital  matter.  In 
rainy  periods,  the  rivers,  then  poor  in  soluble  matter,  transport 
much  clay,  sand,  and  gravel.  Hence  dry  periods  should  be  marked  by 
chemical  deposits ;  rainy  periods  by  mechanically-formed  sediment 

Admitting  that  layers  formed  chemically  and  mechanically  will 
be  accumulated  at  all  times,  the  author  observes  that  they  will  be 
deposited  in  different  places  according  to  the  variable  amount  of 
rainfall.  When,  however,  clay  alternates  with  limestone;  when 
thick  beds  of  sand  alternate  with  sandstone  cemented  chemically  by 
salts  of  iron  and  lime,  or  by  silica  :  when  clay  alternates  with  layers 
of  septaria,  etc. :  then  (in  the  author's  opinion)  do  the  first-named 
beds  date  from  periods  with  warmer  ocean- waters  and  greater  rain- 
fall, than  attend  the  formation  of  the  latter. 

The  author  is  indeed  unfortunate  in  his  examples.  If  he  had 
omitted  all  mention  of  septaria,  which  were  formed  since  the  deposi- 
tion of  the  strata  in  which  they  are  embedded,  and  which  frequently 
enclose  organisms  identical  with  those  found  in  the  clay  above  and 
below  them  ;  and  if  he  had  taken  no  notice  of  sands  which  may  be 
hardened  by  chemical  agency  long  subsequent  to  original  deposition, 
and  which  indeed  are  compacted  at  various  horizons — then  indeed 
we  might  pass  on  to  consider  his  general  conclusions  with  less 
misgiving  than  we  do  now ;  but  our  faith  in  his  geological  know- 
ledge is  sorely  tried. 

Other  alternations  of  strata  are  considered  to  be  due  to  **  a  rise 
and  fall  of  the  sea  in  relation  to  the  land,"  the  result  being  "an 
alternation  of  deep-sea  formations  with  littoral  formations  or  fresh- 
water beds." 

Of  the  two  explanations  thus  given  of  alternations  of  strata,  both 
causes  in  the  author's  opinion  are  periodically  active.  In  the  one 
case  climatic  causes  are  repeated  at  somewhat  regular  intervals ;  in 
the  other,  the  changes  in  the  relative  level  of  land  and  water  are 
repeated  at  longer  and  less  regular  intervals. 

Periodica]  variations  of  climate,  explained  by  comparatively  small 
fluctuations  in  the  extremes  of  temperature  and  rainfall,  are 
attributed  to  periodical  changes  in  the  strength  of  ocean-currents. 
From  ocean -currents  the  author  turns  to  prevailing  winds,  to  changes 
in  atmospheric  pressure,  and  finally  to  the  precession  of  the  equinoxes 
and  the  eccentricity  of  the  earth*s  orbit  as  originating  periodical 
variations  of  climate. 

llius  alternately  in  the  northern  and  southern  hemispheres, 
the  precession  of  the  equinoxes  causes  the  summer  to  be,  for  about 
10,500  years,  longer  than  the  winter,  but  in  the  subsequent  10,500 
years  to  be  shorter.  The  author  considers  that  although  the 
periodical  changes  of  climate  were  not  great,  yet  they  were 
sufficient  to  imprint  themselves  on  the  strata,  in  the  alternation  of 
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beds,  and  in  the  formation  of  beach-lines,  terraces,  and  moraines. 
To  each  period  of  precession  there  corresponds  one  alternation  of 
strata. 

In  order  to  illustrate  this  portion  of  the  subject,  the  author 
institutes  a  comparison  between  astronomical  periods  and  the 
different  series  of  geological  strata.  We  may  pass  briefly  over  this 
portion  of  the  subject  Suffice  it  to  say  that  calculations  have  been 
made  of  the  curves  of  the  eccentricity  of  the  earth's  orbit.  These 
curves  or  fluctuations  are  repeated  once  in  about  every  1^  million 
years.  The  eccentricity  has  been  calculated  for  a  period  of  4^ 
million  years,  with  the  result  that  three  curves  are  indicated.  In 
each  of  these  cycles  of  1^  million  years,  the  author  finds  16  arcs 
of  the  curve,  which  correspond  with  certain  oscillations  in  the  eccen- 
tricity of  the  earth's  orbit 

The  change  in  the  tidal-wave  caused  by  the  variation  of  the 
eccentricity  is  presumed  to  be  sufficiently  great  to  explain  the  dis- 
placement of  beach-lines.  Each  arc  of  the  curve  before  mentionetl 
corresponds  to  one  oscillation  of  the  sea.  For  every  considerable 
oscillation  of  the  beach-lines  there  is  a  corresponding  geological 
stage.  In  these  stages  there  will  be  found  a  certain  number  of 
alternations  of  strata,  as  many  in  fact  as  there  are  periods  of  pro- 
cession in  the  corresponding  arc. 

The  author  remarks  that  the  oscillation  of  beach-lines,  correspond- 
ing to  an  arc,  cannot  be  pointed  out  everywhere,  but  only  in  those 
geological  basins  where  the  forces  at  the  time  exerted  their  effect. 
In  the  Hampshire  and  Paris  Basins  he  finds  the  total  number  of 
alternations  in  the  strata  to  be  about  the  same ;  and  he  endeavours 
to  illustrate  this  by  noting  the  number  of  alternations  he  finds 
in  the  different  suibdivisions  of  the  Tertiary  strata.  One  quotation 
will  suffice  to  illustrate  the  method  of  the  author.  He  remarks: — 
'<  The  Upper  Eocene  Barton  Clay  has  5  layers  of  septaria.  It  is 
synchronous  with  the  Gr^s  de  Beauchamp  of  the  Paris  beisin,  and  it 
must  consequently,  like  this,  correspond  to  the  arc  14  of  the  curve. 
This  arc  represents  100,000  years,  and,  consequently,  about  5  periods 
of  precession." 

We  must  confess  our  utter  disagreement  with  the  author  in  his 
interpretation  of  geological  facts. 

As  before  mentioned,  septaria  afford  no  clue  to  changes  in  the 
physical  conditions  attending  deposition.  Again,  the  author  remarks 
that ''  between  the  Eocene  and  the  Oligocene  a  great  break  exists  in 
the  Isle  of  Wight,"  and  he  proceeds  to  remark  that  this  may  repre- 
sent about  200,000  years.  Now  as  a  matter  of  fact  there  is  no 
physical  break  between  these  divisions  in  the  Isle  of  Wight.  More- 
over, the  Tertiary  strata  are  for  the  most  part  so  variable  in  character, 
that  it  is  not  always  possible  to  correlate  particular  layers  exposed 
in  the  cliffs  on  the  east  side  of  the  island  with  those  seen  on  the 
west.  What,  then,  is  the  value  of  the  author's  contention  that  the 
Eocene  period  appears  to  have  had  16  oscillations,  and  should  corre- 
spond to  the  first  cycle,  extending  from  3,2-^0,000  till  1,810,000  years 
before  the  present  time  ?   We  fear  the  only  verdict  that  can  be  given  is. 
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that  the  author's  conclusions  are  of  no  geological  value.  At  the 
same  time  we  can  but  admire  liis  enthusiasm,  and  admit  that  many 
of  bis  remarks  are  exceedingly  suggestive. 

We  have  yet  to  consider  the  author's  views  of  the  **  rise  and  fall 
of  the  sea  in  relation  to  the  land."  While  he  believes  that  beach- 
lines  oscillate  periodically  backwards  and  forwards,  he  accepts  the 
view  that  the  great  ocean  depths  and  the  great  continents  have,  in 
all  essential  respects,  retained  their  original  relations  to  each  otber 
from  the  remotest  times.  When,  however,  he  comes  to  discuss  the 
form  of  the  earth  and  the  possible  changes  it  has  undergone,  he 
finds  that  the  cooling  and  contraction  of  the  body  of  the  globe  are 
insufficient  to  account  for  all  tbe  phenomena.  He  believes  that  the 
lengthening  of  the  sidereal  day  has  had  much  influence  on  the  form 
of  the  solid  globe.  The  tidal  wave  which  rises  and  falls,  in  some 
measure,  with  tbe  eccentricity  of  the  eailh's  orbit,  is  considered  the 
most  powerful  agent  in  altering  the  sidereal  day  and  in  lengthening 
it;  and  as  the  centrifugal  force  diminishes  during  the  lengthening  of 
the  sidereal  day  by  tidal  friction,  strain  accumulates  in  the  solid 
earth,  until  the  limit  of  resistance  is  reached.  Hence  arose  vertical 
displacements  of  beach -lines. 

The  author  remarks  that  most  earthquakes  are  caused  by  disloca- 
tions, and  that  in  countries  where  the  inner  strain  has  been  relieved 
by  great  displacements  in  recent  periods,  earthquakes  will  probably 
be  rare,  and  less  destructive  than  in  countries  where  there  is  still  a 
great  strain  in  reserve.  Thus  he  concludes  that  great  upheavals  and 
subsidences  are  caused  by  strains,  which  have  accumulated  through 
very  long  periods. 

He  considers  that  the  shore-lines  in  higher  latitudes  may  be  brought 
to  recede,  either  by  the  rising  of  the  land  in  the  same  region,  or  by 
the  subsidence  of  the  sea-bottom  in  lower  latitudes.  During  the 
Tertiary  period  each  oscillation  did  not  exceed  a  few  metres.  Those 
who  desire  fully  to  understand  the  arguments  of  the  author  must 
consult  his  papers.  For  our  own  part  we  feel  that  very  many  of  the 
geological  facts  to  which  he  appeals  lend  no  real  support  to  his 
hypotheses ;  and  that  while  bis  contention  that  precession  has  left  its 
imprints  on  the  strata  is  in  itself  plausible,  yet  the  particular  con- 
clusions he  draws  on  the  means  of  measuring  geological  time  rest  on 
too  oscillating  a  foundation  to  have  any  permanent  value. 

H.  B.  W. 

XL — Die  Stammb  dbs  Thibrreiches  ;  von  M.  Neumayr.  Wir- 
BELLOSE  Thiere.  Erster  Band,  mit  192  Textbildern.  Eoyal 
8vo.  pp.  603.     (Wien  u.  Prag,  Tempsky,  1889.) 

THE  aim  of  this  work  is  to  trace  out  the  descent-relationship 
of  the  various  forms  of  animal  life  so  far  as  they  can  be 
ascertained  from  geological  and  palseontological  sources.  Firmly 
impressed  with  the  idea  that  the  Darwinian  theory  of  descent 
affords  a  reasonable  interpretation  of  the  phenomena  of  the  succes- 
sion of  life  as  shown  in  the  rocks,  Prof.  Neumayr  set  before  himself 
the  arduous  task  of  working  out  the  history  and  relationships  of 
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each  of  the  diyiBions  of  the  animal  kingdom  from  its  first  appear- 
ance in  the  geological  series,  through  each  successive  stage,  until  its 
extinction  or  its  continuance  in  the  organisms  still  existent,  with  the 
view  of  representing  in  one  work  the  different  steps  in  the  course 
of  its  development.  It  is,  in  reality,  an  attempt  to  co-ordinate  the 
facts  of  palsBontology  with  the  theory  of  descent  in  the  same  way 
as  has  been  successfully  done  with  those  of  embryology  and  com- 
parative anatomy. 

In  an  introductory  chapter,  the  nature  of  the  evidence  to  be 
derived  from  palasontology,  and  its  application  to  the  theory  of 
descent,  are  treated  at  considerable  length.  In  contrast  to  that 
afforded  by  the  study  of  living  organisms,  in  which  every  structural 
detail  oan  be  determined,  only  the  hard  parts  of  fossils  have  been 
preserved,  and  these  often  in  scattered  fragments,  with  their  original 
condition  modified  in  varying  degrees  by  fossilization,  so  that  satis- 
factory conclusions  as  to  the  characters  of  fossil  organisms  can  only 
be  made  by  those  investigators  who,  in  addition  to  a  thorough 
knowledge  of  the  anatomy  and  development  of  existing  animals, 
have  acquired  experience  in  interpreting  the  relations  of  mere  frag- 
ments, and  these  often  masked  and  distorted.  The  difficulties  are 
also  increased  by  the  fact  of  the  important  differences  between 
existing  and  extinct  forms  of  life,  the  greater  in  proportion  as  we  go 
back  in  time ;  and  as  some  of  the  oldest  forms  differ  altogether  from 
any  now  existing,  their  characters  must  always  remain  enigmatical. 

It  cannot  be  said  that  we  have  any  satisfactory  knowledge  of  the 
heginnirtge  of  life  from  the  facts  of  palaeontology.  In  the  oldest 
known  fossiliferous  rocks  of  the  Cambrian  period  there  is  already  a 
great  variety  of  different  forms  of  life ;  and  if  these  really  repre- 
sented the  oldest  types,  it  would  be  strong  evidence  against  the 
theory  of  descent.  We  can  only  suppose  that  long  before  Cambrian 
times,  organic  life  may  have  existed  through  immeasurable  periods 
of  time,  and  this  supposition  is  supported  by  the  presence  of 
graphite,  anthracite,  bitumen,  and  limestones — substances  which  are 
regarded  as  having  an  organic  derivation — in  the  Archeean  rocks. 
The  form  known  as  Eozoon,  however,  is  of  too  doubtful  a  character 
to  be  accepted  as  a  proof  of  organic  life. 

Not  only  are  the  earliest  types  of  organic  life  missing,  but 
throughout  the  geological  series  there  are  undoubtedly  great  gaps 
in  the  succession.  The  number  of  species  in  the  existing  animal 
kingdom  approaches  to  300,000,  whilst  there  are  only  from  70,000 
to  80,000  fossil  species.  This  great  preponderance  of  existing  forms 
is  largely  owing  to  the  number  of  insect  species,  which  constitute 
three-fourths  of  the  total,  whilst  they  are  relatively  rare  as  fossiU. 
Of  organisms  inhabiting  water,  there  are  more  fossil  species  known 
than  recent ;  but,  on  the  other  hand,  the  existing  species  of  land- 
dwellers  are  more  numerous  than  those  preserved  as  fossil.  As  an 
indication  of  the  vast  army  of  forms  which  in  all  probability  have 
been  wholly  obliterated  from  our  knowledge,  the  author  states  that 
there  is  good  evidence  to  show  that  the  marine  life  of  the  Jurassic 
seas  WBB  as  various  and  abundant  as  that  now  existing ;  that  ducm^ 
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this  period  more  than  thirty  distinot  zones,  each  with  its  own 
peculiar  fauna,  can  be  distinguished ;  and  making  so£E[oient  allow- 
anoe  for  forms  oommon  to  more  than  a  single  zone,  the  number  of 
spedes  which  may  have  existed  during  the  whole  Jorassio  period 
oan  hardly  have  been  fewer  than  from  500,000  to  750,000.  And 
yet  the  total  number  of  marine  fossil  species  from  all  the  Jurassio 
beds  only  mount  up  to  about  10,000,  a  very  insignificant  pro- 
portion in  comparison  with  the  above  estimate.  If  snob  deficiencies 
exist  where  the  geological  series  is  fairly  oontinnoas,  still  greater 
ones  may  be  presumed  where  there  are  breaks  in  the  saooession  like 
those  between  the  Tertiary  and  Mesozoic,  and  the  Mesozoio  aud 
Palaeozoic  groups. 

In  view  of  the  above  it  is  useless  to  expect  that  a  complete 
succession  of  fossils  could  be  found  in  which  all  the  varieties  inter- 
mediate between  different  species  were  represented  ;  but  nevertheless 
fairly  distinct  lines  of  descent  can  be  shown  in  the  case  of  certain 
Brachiopods,  Corals  and  Crinoids  from  the  Paleeozoio  strata ;  in  the 
Mesozoic  Ammonites  and  the  Molluscan  genera  Pholadomya,  Inoct" 
ramus  and  Halohia,  and  in  many  Tertiary  forms.  As  good  examples 
of  a  gradually  changing  series  of  forms  may  be  cited  the  fresh-water 
PaludincLS  from  the  Lower  Pliocene  of  Sclavonia,  in  which  the 
individuals  at  the  beginning  vary  so  much  from  those  of  the  higher 
end  of  the  series,  that  they  might  be  taken  for  distinot  genera  if  it 
were  not  for  the  numerous  intermediate  connecting  forms. 

The  causes  which  have  led  to  the  extinction  of  species  are  to  the 
palaeontologist  of  as  great  interest  as  those  relating  to  their  origin. 
A  great  number  of  species  have  become  extinct  in  historical  times, 
some  mainly  through  man's  influence.  It  can  hardly  be  said  that 
species  become  extinct  because  they  have  outlived  their  capacity  to 
vary,  for  we  find  still  existing  genera,  such  as  Bhynchonella,  Lingula, 
and  Discinay  which  have  varied  but  very  little  since  their  first  appear- 
ance in  the  Paleeozoic  era ;  whilst  on  the  other  hand  such  forms  as 
Ammonites  and  Rudistes  exhibit  remarkable  variations  shortly  before 
they  became  extinct  The  complete  extinction  of  many  groups  of 
organisms  which  existed  through  long  geological  periods  in  great 
numbers  and  in  manifold  variety,  as,  for  instance,  the  Trilobites,  is 
difficult  to  account  for ;  but  there  is  nothing  to  support  the  theory 
that  this  or  any  other  group  of  animals  inhabiting  widely-separated 
localities  became  contemporaneously  extinct ;  for  so  far  as  it  can  be 
traced,  the  extinction  of  a  species  is  not  sudden,  but  rather  a  gradual 
process.  In  certain  instances  it  is  possible  to  connect  the  disapi)ear- 
ance  of  a  predominant  group  with  the  gradual  increase  and  sub- 
sequent supremacy  of  another  group  which  thus  supplants  it,  and 
furnishes  an  instance  of  the  *  survival  of  the  fittest ' ;  but  in  other 
cases,  such  as  the  Carboniferous  Fusulina  and  the  Tertiary  Num^ 
mulites,  there  is  no  evidence  of  extinction  from  such  a  cause. 

The  next  five  chapters  of  the  work  are  devoted  to  the  considera- 
tion of  the  following  invertebrate  groups :  I.  Protozoa ;  II.  Coelen- 
terata;  III.  Echinodermata ;  lY.  Annelida;  and  Y.  Molluscoidea. 
As  a  preliminary  introduction  to  each  group,  the  most  important  of 
ita  struotursi  details  are  given.  y?il\i  figwv^^  of  the  typical  forms. 
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Protozoa. — In  this  group  are  inoluded  the  Foraminifera  and 
Radiolaria.  As  regards  the  former,  the  author  points  out  the  com- 
parative soarcity  of  their  remains  in  the  older  Palsoozoic  rocks  and 
their  oomparatively  sudden  appearance  in  great  variety  in  Car- 
boniferous strata^  in  which  some  highly  organized  forms,  as  Num' 
mulites,  Fastdina,  eto.,  are  associated  with  Nodosaria,  Texttdaria  and 
Astrorhtzida,  etc.  The  forms  with  calcareous  shells  are  all  regarded 
as  derived  from  those  with  agglutinated  tests,  and  these  again  have 
probably  sprung  from  types  with  extremely  simple  and  irregular 
tests  like  those  of  the  Astrorhizidad. 

In  the  brief  notice  given  of  the  Radiolaria,  it  is  mentioned  that 
the  forms  recently  discovered  in  Jurassic  and  Triassic  strata  show 
but  small  differences  from  those  of  Tertiary  and  recent  seas,  and 
afford  no  clue  to  the  natural  relationships  of  the  various  divisions. 

In  the  Coelenterate  division  are  embraced  the  Sponges,  Corals, 
Hydrozoa,  and  Graptolites.  As  regards  the  Sponges,  the  author 
adopts  with  certain  modifications  the  views  of  Zittel,  and  concludes 
with  diffidepce  that  the  siliceous  forms  are  probably  derived  from 
some  more  ancient  type,  in  which  the  elementary  spicule  of  the 
skeleton  was  irregularly  polyaxile. 

The  Corals  are  treated  very  fully,  and  due  importance  is  given  to 
the  fresh  light  thrown  upon  their  characters  by  the  microscopic 
observations  of  recent  students.  The  Rugosa  or  Tetracorallia  are 
regarded  as  a  sharply  defined  group  characterized  by  the  symmetri- 
cally bilateral  arrangement  of  their  septa,  and  they  are  believed  to 
be  restricted  to  Palaeozoic  strata.  Attempts  are  made  to  show  that 
the  forms  from  Meso^oio  rocks  which  have  been  relegated  to  this 
group  do  not  really  belong  to  it,  and  conversely  that  Palaeozoic 
Corals  which  have  been  placed  with  the  Hexacorailia  should  really 
be  included  with  the  Rugosa.  Some  of  the  statements  respecting 
the  sharp  division  between  the  Rugosa  and  the  so- termed  Hexa- 
corailia, namely,  that  the  young  forms  of  the  former  group  are 
always  symmetrically  bilateral,  and  that  in  the  latter  the  septal 
skeleton  is  purely  radial  and  at  the  commencement  with  six  septa, 
are  too  comprehensive  and  can  hardly  be  substantiated.  The  genus 
CcUostylia  frota  Silurian  strata,  which,  by  Lindstrom,  Nicholson  and 
other  excellent  observers,  is  considered  to  be  an  undoubted  member 
of  the  Perforata,  is  cast  out  of  this  division  by  Neumayr  on  the 
suspicion  that  it  possesses  bilateral  symmetry,  and  that  it  is  thus  a 
Perforate  Rugose  Coral ;  but  it  is  probable  that  the  objection  to 
ranking  it  with  the  normal  Perforate  Corals  mainly  depends  on  its 
occurrence  in  the  Palaeozoic  rocks.  The  Palaeozoic  Favositoid  Corals 
are  regarded  as  forming  an  independent  group,  on  the  ground  that 
the  perforations  in  their  walls  are  morphologically  entirely  different 
from  those  in  normal  Perforate  Corals,  and  we  think  the  objection 
a  good  one.  The  genera  HelioliteB  and  JIaly sites  are,  on  the  grounds 
of  their  possessing  twelve  true  septa,  indicating  a  corresponding 
number  of  true  mesenteries  and  tentacles,  considered  as  nearly 
related  to  the  Fistuliporidae  and  without  any  real  affinity  to  the 
Alcyonarian  genus  Meliopora,  with  which  they  have  been  associated 
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by  Moseley  and  snbseqtient  authors.  Neumayr  oonokides  that  the 
gi-eat  mass  of  the  Palieozoic  Tabulate  CoralBy  disdngaished  as 
Favositidee,  Cheetetidsd  and  Heliolitidae,  form  a  natural  gronp. 
whose  individual  members  are  connected  by  intermediate  forms. 
The  relations  between  these  Tabulate  and  the  other  leading  groups 
of  the  Kugosa  and  the  Hezaoorallia  cannot,  in  the  present  state  of 
our  knowledge,  be  determined. 

The  descriptions  given  by  Nicholson  of  the  structure  and  relations 
of  the  Stromatoporoidea  are  adopted  by  Neumayr.  The  true  position 
of  the  Graptolites  is  regarded  as  doubtful ;  whilst  some  of  their 
structural  features  indicate  relationship  to  certain  Hydrozoa,  others 
point  to  a  connection  with  Bryozoa,  and  the  possibility  is  not  ex- 
cluded that  they  form  an  extinct  group  which  has  left  no  descendants. 

The  Echinodermata  are  very  fully  treated,  and  the  structural 
features  which  link  together  the  members  of  each  of  its  divisions  are 
carefully  traced.  There  are,  however,  no  indications  in  the  fossil 
forms  of  the  kind  of  animal  from  which  the  class  has  been  developed. 
The  Cystoidea  are  considered  to  be  the  central  group  from  which 
connecting  threads  of  relationship  run  to  the  other  orders.  The 
Sea-urchins  are  connected  through  Cystocidaris,  and  the  Sea-stars 
through  Palaodisctu,  with  those  Cystideans  whose  test  is  irregular, 
and  consists  of  numerous  plates ;  whilst  the  Cystideans,  with  a  test 
of  a  small  number  of  fairly  regular  plates,  approach  the  Crinoids 
through  Porocrinw  and  HyhocystiteSf  and  the  Blastoids  through 
Codonaster  and  Asterohlasttis.  The  relation  between  the  groups 
may  be  graphically  represented  thus : 

Ophiuro-Asteroideav  y^Blastoidea 

^Cystidea^ 

Echinoidea/^  XCrinoidea. 

The  Annelids  or  Worms,  though  so  important  a  group  zoologically 
in  the  consideration  of  the  theory  of  descent,  are  but  little  adapted 
for  preservation  in  the  fossil  state,  and  the  traces  they  have  left  in 
the  rocks  throw  scarcely  any  light  on  the  characters  of  the  early 
types.  With  regard  to  the  genus  TentaculiteSj  Neumayr  states  that 
probably  it  belongs  to  the  Tubicola,  and  that  thei^  is  not  the 
slightest  ground  for  ranging  it  with  the  Pteropoda. 

The  last  division  treated  in  the  present  volume  is  the  Braohiopoda, 
in  which  a  new  arrangement  is  proposed  varying  in  many  respects 
from  that  at  present  adopted.  Jn  this  the  two  main  divisions  are 
named  Ecardines  and  Testicardines,  coiTesponding  generally  to  the 
Inarticulata  and  the  Articulata.  The  Testicardines  are  subdivided 
into  Eleuterobranchiata,  without  calcified  free  arm-supports,  and 
Pegmatobranchiata,  with  free  arm-supports.  Forms  in  which  the 
arm-supports  consist  of  a  loop,  or  of  two  free  lamellaB  only,  are 
grouped  as  Campylopegmata,  and  those  in  which  the  supports  are 
the  well-known  conical  spirals,  as  Helicopegmata.  Whilst  it  is 
possible  to  indicate  the  descent-relationships  between  many  of  the 
members  of  each  subdivision,  there  is  much  uncertainty  as  to  the 
relationship  between  these  groups,  and  forms  like  Atrypa  and 
Betzia  may  prove  to  be  nearer  related  to  Bhynchonella  and  Wald- 
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heimia  respectively  than  to  the  other  members  of  the  Helicopegmata 
with  which  they  are  included. 

The  above  notes  afford  bat  a  very  imperfect  indication  of  the 
contents  of  this  work,  which  is  destined  to  exercise  considerable 
inflaenoe  in  the  advance  of  the  science  of  palsdontology.  It  is  very 
generally  thought  that  this  science  embraces  nothing  beyond  dry 
descriptions  of  fossil  species,  but  Prof.  Neumayr  shows  that  these  are 
but  the  raw  materials  which,  in  skilled  hands,  yield  conclusions  of 
far-reaching  interest  and  importance.  It  has  been  inevitable  that 
the  early  stages  of  the  science  should  have  been  devoted  to  the 
accumulation  of  the  raw  materials  for  future  use ;  but  in  going  over 
the  pages  of  this  work,  we  yet  find  numerous  reminders  of  the 
deficiency  in  this  respect  Much  of  the  elementary  work  of  the 
past  has  been  of  too  superficial  a  character  to  be  of  service  in  solving 
such  problems  as  that  of  descent ;  but  there  is  every  prospect  that 
the  more  thorough  modes  of  investigation,  by  means  of  thin  sections 
and  the  microscope,  which  palaaontologists  now  adopt,  will  in  time 
clear  up  many  of  the  difficulties  which  have  confronted  Prof. 
Neumayr  in  his  present  task. 

Obologioal  Sooiety  of  London. 

I.— April  17, 1889.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read : — 

1.  ''  On  the  Production  of  Secondary  Minerals  at  Shear-zones  in 
the  Crystalline  Kocks  of  the  Malvern  Hills."  By  Charles  Callaway, 
Esq.,  M.A.,  D.Sc.,  F.Q.S. 

In  a  previous  communication  the  author  had  contended  that  many 
of  the  schists  of  the  Malvern  Hills  were  of  igneous  origin.  Thus, 
mica-gneiss  had  been  formed  from  granite,  hornblende-gneiss  from 
diorite,  mioa-schist  from  felsite,  and  injection-schists  from  veined 
complexes  which  had  been  subjected  to  compression.  As  a  further 
instalment  towards  the  elucidation  of  the  genesis  of  the  Malvern 
schists,  it  was  now  proposed  to  discuss  the  changes  which  the  re- 
spective minerals  of  the  massive  rocks  had  undergone  in  the  process 
of  schist-making. 

The  schistosity  was  usually  in  zones,  striking  obliquely  across 
the  ridge,  varying  in  breadth  from  a  few  inches  to  many  yards,  and 
separated  from  each  other  by  very  irregular  intervals.  Within  the 
zones  bands  of  maximum  schistosity  alternated  with  seams  in  which 
the  original  structure  had  been  less  completely  obliterated.  The 
new  structure  was  connected  with  a  shearing  movement,  by  which 
the  rigid  mass  was  often  sliced  into  countless  parallel  laminee  or 
flakes.  In  a  more  advanced  stage  of  alteration,  the  planes  of  move- 
ment were  obliterated,  and  a  sound  clear  gneiss  or  schist  was  formed. 
These  foliated  bands  were  called  **  shear-zones." 

The  most  impoiiant  shear-zones  were  those  in  which  diorite  was 
interlaced  with  granite-veins.  The  following  changes  were  noticed 
in  tracing  the  massive  rocks  into  the  zones.  The  hornblende  might 
suffer  exoeaaive  corrosion,  or  it  might  become  '^  xeed^  ^^  ^xA  \yt«»^ 
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up  along  tbe  cleavages  into  numerons  fragments,  which  were  drawn 
away  from  each  other  in  the  direction  of  foliation,  or  might  pass 
into  chlorite,  or  chlorite  and  epidote.  The  chlorite  thus  formed 
often  passed  into  biotite,  and  sometimes  the  biotite  was  changed  to 
white  mica.  Where  shearing  was  excessive,  chlorite  sometimes 
passed  directly  into  white  mica. 

Soda-lime  felspar  was  altered  to  epidote  or  zoisite,  and  often  to 
caloite.  A  more  important  result  was  the  production  of  muscovite 
in  the  plagioclase.  Much  of  this  felspar  was  reconstructed  in  small 
clear  crystals  or  granules.  Quartz  also  was  abundantly  produced. 
Diorite  might  thus  be  converted  either  into  a  gneiss  with  two  micas, 
or  into  a  gneissoid  quartzite.  The  granite  of  the  veins  passed 
through  the  usual  changes  in  muscovite-gneiss. 

Other  secondary  minerals  were  actinolite  (from  angite),  sphene 
(from  ilmenite),  and  garnet 

It  was  contended  that  the  granite- veins  were  exogenous,  because 
they  appeared  as  apophyses  from  large .  masses,  they  had  the  same 
coarse  texture  in  different  varieties  of  diorite,  and  they  produced 
contact-effects  similar  to  those  of  intrusive  veins,  including  the 
phenomena  of  aggregation  and  enlargement  in  the  minerads  of 
the  encasing  rock. 

Foreign  minerals  were  often  introduced  by  infiltration.  Thus,  the 
hornblende  of  a  diorite  was  decomposed  into  chlorite  and  iron-oxide, 
which  passed  for  a  considerable  distance  along  the  shear-planes  of  an 
adjacent  granite,  giving  rise  to  a  chlorite-gneiss,  and  the  chlorite  was 
partially  changed  to  biotite.  Epidote  might  be  introduced  in  the 
same  way. 

Both  the  diorite  and  the  granite  of  shear-zones  tended  by  loss  of 
bases  to  become  progressively  silicified.  Most  of  the  liberated  bases 
could  be  accounted  for.  Analyses  showed  there  was  an  interchange 
of  alkaline  bases,  soda  going  to  the  granite,  and  potash  to  the  diorite. 
Thus,  some  of  the  latter  contained  almost  twice  as  much  potash  as  soda. 

The  evidence  collected  seemed  to  prove  that  the  schist-making  had 
taken  place  subsequently  to  consolidation  ;  but  it  was  clear,  especially 
where  the  rock  was  heavily  sheared,  that  the  constituents  had  been 
re-dissolved  and  reconstructed,  llius,  as  we  followed  a  diorite  into 
the  core  of  a  shear-zone,  we  could  see  the  gmdual  disappearance  of 
shear-planes  and  other  mechanical  effects,  as  well  as  the  progressive 
results  of  chemical  synthesis. 

The  secondary  origin  of  the  micas  and  of  part  of  the  felspar  was 
proved  by  the  fact  that  they  were  moulded  on  decomposition- products, 
such  as  chlorite  and  epidote,  and  upon  fragments  of  hornblende 
crystals,  which  had  been  crushed  during  the  shearing,  and  carried 
away  from  each  other.  The  mineral  changes  as  here  described 
resulted  from  contact-action  phs  mechanical  force. 

2.  '*  The  Northern  Slopes  of  Cader  Idris."  By  Qrenville  A.  J. 
Cole,  Esq.,  F.G.S.,  and  A.  V.  Jennings,  Esq.,  F.L.S. 

From  the  publication  of  Mr.  Aikin's  paper  in  the  Transactions  of 
the  Geological  Survey  in  1829  to  the  second  edition  of  the  Survey 
Memoir  on  North  Wales,  the  relations  of  the  geological  and  physical 
features  of  Cader  Idris  have  been  pointed  out  in  some  detail.     The 
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present  paper  dealt  with  the  nature  of  the  eruptions  that  took  place 
iu  this  area  and  the  characters  of  their  products  at  BuccesBive  strati- 
^phioal  horizons.  The  best  exposures  occur,  as  is  well  known, 
upon  the  northern  slopes. 

The  lowest  evidence  of  contemporaneous  volcanic  activity  is  to  be 
found  at  the  Penrhyn-gwyn  slate-quarry,  where  a  somewhat  coarse 
bed  of  tuff,  with  slate-fragments  and  abundant  felspar-crystals, 
occurs  above  an  andesitic  sheet  Similar  slate-tuffd  are  repeated  up 
to  the  base  of  the  great  cliff  of  Cader  Idris,  with  intervening  layers 
of  normal  clayey  sediment  On  the  whole,  the  tuffs  and  ashes 
become  more  highly  silicated  as  the  upper  levels  are  reached,  and 
they  terminate  on  the  southern  slopes  in  beds  with  fragments  of 
perlitio  and  devitrified  obsidian,  such  as  are  found  under  Oraig-y 
Llam.  On  Mynydd-y-Q-ader  the  intrusive  dolerites  have  altered  the 
ashes  into  hornstones;  in  places,  moreover,  they  have  become 
jointed  into  distinct  columns.  Fragments  of  andesitic  glass  as  well 
as  trachyte  are  recorded. 

The  "pisolitic  iron-ore"  of  the  Arenig  beds  appears  to  have 
resulted  from  the  metamorphism  of  an  oolitic  limestone,  as  in  the 
case  of  the  Cleveland  ore  described  by  Mr.  Sorby,  and  that  of 
Northampton  described  by  Prof.  Jndd.  The  grains  still  give 
evidence  nnder  crossed  Nicols  of  their  having  been  built  up  of 
successively  deposited  concentric  layers.  The  calcite  so  freely 
developed  in  the  hollows  of  the  underlying  rocks  may  have  been 
largely  derived,  during  metamorphio  action,  from  the  destruction  of 
similar  thin  limestone  seams.  No  true  lava-flows  occur  cmiong 
these  tuffs  and  sediments,  a  fact  that  implies  comparative  remoteness 
from  the  volcanic  centre;  and  the  important  masses  of  intrusive 
matter  represented  upon  the  maps  are  themselves  largely  composed 
of  the  products  of  explosive  action.  The  numerous  sheets  of  ophitio 
dolerite,  aphanite,  and  altered  andesite,  that  lie,  seemingly  inter- 
bedded,  on  the  northern  slopes,  were  probably  intruded  when  the 
associated  rocks  were  already  weighed  down  by  much  superincum- 
bent sediment  A  common  character  of  these  basic  sheets  is  the 
development  of  small  colourless  crystals  of  epidote. 

The  most  striking  mass  upon  the  mountain  is  the  main  **  felstone  " 
(enrite)  of  the  wall,  which  proves  to  be  minutely  **  granophyric," 
and  of  very  uniform  grain  throughout.  An  analysis  by  Mr.  T.  H. 
Holland  shows  78  per  cent  of  silica.  This  vast  intrusive  sheet  is 
regarded  as  perhaps  of  no  later  date  than  the  Llandeilo  lavas  of 
Craig-y-Llam,  and  as  a  forerunner  of  the  volcanic  conditions  that 
prevailed  in  Bala  times  throughout  North  Wales. 

The  stratigraphical  horizons,  as  shown  on  published  sections, 
would  throw  a  great  part  of  the  tuffs  and  ashes  described  into  the 
Tremadoc  beds,  or  even  lower,  in  contradiction  to  the  generally 
accepted  statement  that  volcanic  activity  began  in  Arenig  times. 
While  this  point  can  only  be  settled  by  detailed  mapping  on  the 
basis  of  the  new  six-inch  survey,  the  authors  incline  to  the  belief 
that  the  emptions  in  this  area  broke  out  iu  the  Cambrian  rather 
than  the  Ordovician  period. 


288     Correspondence — Dr.  F.  H.  Hatch — Dr.  Henry  Hicks. 


OCCURRENCE  OF  S0DA-FEL8ITE8  (KERATOPHYRES)  IN  IRELAND. 

Sib, — In  the  February  Number  of  this  Maoazinb  I  gave  some 
aocount  of  the  occurreDce  of  soda-felsites  or  keratophyres  in  Co. 
Wicklow,  at  the  conclusion  of  which  I  expressed  the  opinion  that 
they  would  also  be  found  to  occur  among  the  felsites  that  crop  out 
in  such  abundance  on  the  Waterford  ooa^  between  Tramore  and 
Ballyvoyle  Head.  Since  the  publication  of  this  paper  my  attention 
has  been  drawn  to  some  analyses  of  the  Waterford  felsites  which 
were  made  by  the  late  Mr.  John  Arthur  Phillips  and  published  in 
the  Philosophical  Magazine  for  January,  1870  (vol.  zzxix.  p.  12). 
As  these  analyses  do  not  appear  to  be  generally  known,^  and  as  they 
are  interesting  as  confirming  my  surmise  as  to  the  probable  occur- 
rence of  soda-felsites  among  the  Lower  Palaeozoic  rocks  of  Co. 
Waterford,  I  venture  to  bring  them  to  the  notice  of  the  readers  of 
the  Geological  Magazine. 

No.  1  was  collected  at  the  sea-cliff  east  of  the  village  of  Enock- 
mahon.  It  is  described  as  an  elvanite.  It  is  a  compact  rock  "  of 
bluish  grey  colour,  which,  when  freshly  broken,  shows  imbedded 
crystals  of  quartz  and  felspar  in  an  amorphous  matrix."  The 
felspar  is  supposed  by  the  author  to  be  oligoclase. 

No.  2  is  a  "flesh-coloured  felsite  obtained  from  a  very  broad 
band  of  this  rock  seen  in  the  cliff  near  the  village  of  Annstown, 
and  immediately  west  of  a  copper-vein  in  which  some  explorations 
are  being  made.  Under  the  microscope  this  was  found  to  consist  of 
a  colourless  and  generally  amorphous  matrix  enclosing  a  few  crystals 
of  dodecahedral  quartz  and  some  small  crystals  of  felspar." 
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Hatch. 

STENOTHECA,  SALTEE. 
Sir, — In  the  note  by  Mr.  G.  F.  Matthew,  in  the  Geol.  Mag.  for 
May,  on  Stenotheca  (p.  210),  it  is  assumed  that  the  name  was  sug- 
gested first  by  me.  This  is  not  correct,  as  the  MS.  name  was  given 
by  Mr.  Salter,  and  afterwards  adopted  by  me  in  my  paper  "  On  some 
undescribed  Fossils  from  the  Menevian  Group"  (Q.J.  G.  8.  vol.  xxviii. 
p.  180).    The  species  is  there  given  as  **Stenotheca  cornucopia,  Salter." 

May  3,  1889.  HenBV  HiOKS. 

Erratum. — In  the  April  Number,  p.  172,  line  22  should  read ; 
"or  it  may  be  co-ossified  with  the  lachrymal,  as  in  Sphenodon, 
which  bone  is  not  free,  as  stated  by  Dr.  Giinther." 

New  Haven,  Conn.,  U.S.  Dr.  G.  Baur. 

^  Thej  are  not  mentioiied,  for  infitance,  in  TeuU's  British  Petrography. 
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I. — SUBAEHIAL  DSPOSITS   OF   THE   AbID  BeGION   OF  NoBTH 

Amebioa. 

By   Israel    C.    Russbll, 
of  the  United  Statee  Geological  Surrey ;  Washington  D.O.,  U.S.A. 

Part  I. 
Intboduotion. 
rpHE  sabaerial  deposits  now  aocamulatlDg  in  the  arid  portion  of 
X  the  United  States  may  be  divided  into  four  classes :  1,  Eolian 
Sands ;  2,  Talus  Slopes ;  3,  Alluvial  Cones ;  and  4,  Calcareous  Clays  to 
which  no  specific  name  has  been  applied,  but  which,  for  reasons 
stated  below,  will  be  called  **  adobe  "  in  this  paper. 

Eolian  Sands. — Bounded  hills  of  blown  sands  termed  dunes  give 
variety  to  the  landscape  in  many  portions  of  the  arid  region.  These 
are  local  accumulations,  but  they  sometimes  have  an  extent  of  many 
square  miles,  and  may  attain  a  thickness  of  several  hundred  feet. 
They  occur  most  frequently  in  sheltered  valleys  or  in  bay-like 
recesses  of  large  valleys,  where  topographic  conditions  favoured  the 
accumulation  of  wind-borne  particles.  They  are  usually  composed 
of  quartz  grains,  which  show  by  their  rounded  and  worn  appearance, 
when  examined  under  the  microscope,  that  they  have  travelled  far 
during  their  uncertain  wanderings.  Dunes  are  constantly  changing 
their  forms,  each  wind  that  blows  being  busy  in  remodelling  the 
contours  of  their  rounded  domes.  Their  internal  structure  is  ex- 
tremely irregular,  frequently  showing  cross-bedding  and  intricate 
contortions.  Their  surfaces  are  wind-rippled  and  many  times 
covered  with  footprints. 

In  some  instanoes,  especially  on  the  Carson  Desert,  Nov.,  small- 
sized  dunes  may  be  seen  which  are  formed  of  the  cases  of  minute 
Crustaceans  (Oypria)  which  have  been  gathered  by  the  wind  from 
the  surface  of  the  desert  and  accumulated  in  piles  in  the  same 
manner  as  in  the  formation  of  ordinary  sand  dunes. 

Near  Fillmore,  Utah,  another  exceptional  variety  of  dunes  occurs, 
formed  of  small  crystals  of  gypsum,  which  have  been  swept  from  a 
neighbouring  desiooated  lake-basin  and  accumulated  in  conspicuous 
white  hills. 

The  dunes  of  arid  regions  have  the  same  characteristic  forms  as 
those  occurring  in  more  humid  climates.  They  are  steep  on  the 
leeward  side  and  slope  much  more  gently  in  the  direction  from 
which  the  prevailing  winds  blow.     The  sources  from  which  they 
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are  supplied  are  usually  less  easily  determined,  however,  than  in  the 
case  of  sand  hills  wluch  aocumulate  along  Uie  borders  of  ooeans, 
lakes  and  rivers. 

Talus  Slopes, — ^These  occur  in  abundance  at  ihe  bases  of  nearly 
all  rock  escarpments,  and  are  usually  composed  of  coarse  angular 
material.  They  owe  their  accumulation  to  the  falling  of  detached 
blocks  from  the  faces  of  rocky  cliffs.  Their  surface  slopes  are 
usually  high,  depending  on  the  angle  of  stability  of  the  material  of 
which  they  are  composed,  and  are  much  greater  than  the  oorrespond- 
ing  slopes  of  alluvial  cones,  next  to  be  described.  Unlike  alluvial 
cones,  too,  they  occur  quite  uniformly  along  the  bases  of  steep 
mountains  instead  of  being  confined  to  the  mouths  of  canons. 

The  talus  slopes  of  arid  regions  are  of  essentially  the  same  character 
as  those  occurring  in  humid  climates,  and  farther  notice  of  them  at 
this  time  seems  unnecessary. 

AUuvial  Cones. — The  smooth,  even  slopes  of  these  deposits  are 
a  noticeable  feature  about  the  bases  of  all  the  principal  mountains  in 
the  Far  West.  They  are  formed  of  both  coarse  and  fine  material 
which  has  been  swept  out  of  gorges  in  the  mountains  and  deposited 
in  the  valleys.  In  many  instances  they  have  a  great  superficial 
extent,  and  where  the  conditions  for  their  formation  are  most  favour- 
able, may  be  hundreds  and  possibly  thousands  of  feet  in  thickness. 

The  alluvial  cones  of  the  region  of  interior  drainage  in  the 
western  part  of  the  United  States,  known  as  the  Great  Basin,  have 
been  described  by  Mr.  G.  K.  Gilbert,^  and  we  cannot  do  better  than 
quote  his  description  : — 

''  The  sculpture  of  a  mountain  by  rain  is  a  twofold  process ;  on 
the  one  hand  destructive,  on  the  other  constructive,  The  upper 
parts  are  eaten  away  in  gorges  and  amphitheatres  until  the  inter- 
vening remnants  are  reduced  to  sharp-edged  spurs  and  crests,  and 
all  the  detritus  thus  produced  is  swept  outward  and  downward  by 
the  flowing  waters,  and  deposited  beyond  the  mouths  of  the  moim- 
tain  gorges.  A  large  share  of  it  remains  at  the  foot  of  the  mountain 
mass,  being  "Ini^t  into  a  smooth  sloping  pediment.  If  the  outward 
flow  of  the  water  were  equal  in  all  directions,  this  pediment  would 
be  uniform  upon  all  sides  ;  but  tliere  is  a  principle  of  concentration 
involved,  whereby  rill  joins  with  rill,  creek  with  creek,  and  gorge 
with  gorge,  so  that  when  the  water  leaves  the  margin  of  the  rocky 
mass,  it  is  always  united  into  a  comparatively  small  number  of 
streams,  and  it  is  by  these  that  the  entire  volume  of  detritus  is 
discharged.  About  the  mouth  of  each  gorge  a  symmetric  heap  of 
alluvium  is  produced — a  conical  mass  of  low  slope,  descending 
equally  in  all  directions  from  the  point  of  issue ;  and  the  base  of 
each  mountain  exhibits  a  series  of  such  alluvial  oones,  each  with 
its  apex  at  the  mouth  of  a  gorge,  and  with  its  broad  base  resting 
upon  the  adjacent  plain  or  valley.  Rarely  these  oones  stand  so  far 
apart  as  to  be  completely  individual  and  distinct,  but  usually  the 
parent,  gorges  are  so  thickly  set  along  the  mountain  front  that  the 

1  Contributions  to  the  History  of  Lake  Bonneville,  in  Second  Ann.  Bept  IT.  S. 
6eol.  Sorr.  1880-81,  p.  183. 
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oones  are  more  or  less  united  and  give  to  the  oontours  of  the  moun- 
tain base  a  soalloped  outline." 

Alluvial  cones  when  best  developed  extend  out  from  the  mountains 
to  a  distanoe  in  many  instances  of  several  miles.  Not  infrequently 
the  deposits  on  opposite  sides  of  the  valley  unite  along  the  centre 
of  the  depression,  so  that  its  profile  is  an  unbroken  curve ;  or,  more 
accurately,  is  a  combination  of  two  curves,  for  each  alluvial  cone 
has  a  concave  surface. 

The  material  forming  alluvial  cones  varies  in  size  from  the  finest 
powder  to  angular  rock  weighing  many  tons.  It  exhibits  no  regular 
bedding  or  stratification,  but  coarse  and  fine  debris  are  mingled  in 
endless  variety.  There  is  a  well-marked  gradation,  however,  to  be 
seen  as  one  travels  from  the  apex  of  an  alluvial  cone  towards  its 
periphery.  At  the  apex  it  is  composed  mostly  of  coarse,  angular 
material,  with  fine  silt-like  clays  filling  the  interspaces.  Toward 
the  periphery  the  fine  material  predominates,  and  in  many  instances 
forms  a  homogeneous  unstratified  deposit,  without  stones  or  pebbles. 
At  other  times  coarse  material  occurs  at  certain  horizons  in  the  fine 
silt,  thus  recording  periods  of  unusual  precipitation,  when  the 
gravels  from  the  mountains  were  swept  out  into  the  valleys  to  a 
greater  distance  than  under  ordinary  conditions.  At  the  lowest 
limits  to  which  the  debris  is  carried  in  large  valleys  it  is  always  fine, 
and  has  a  much  smaller  surface  slope  than  the  upper  portions  of  the 
alluvial  cones  with  which  it  is  associated. 

The  climatic  conditions  favouring  the  formation  of  alluvial  cones 
might  be  discussed ;  but  as  deposits  of  this  nature  are  not  the  special 
su^ect  of  this  paper,  their  further  consideration  will  be  postponed. 

Calcareous  Clays  {Adobe), — Widely  distributed  throughout  the 
valleys  of  the  more  arid  portion  of  the  United  States  there  occurs 
a  peculiar  calcareous  clay  which  is  used  largely  by  the  Indians, 
Mexicans  and  others  for  the  manufacture  of  sun-dried  bricks,  known 
by  the  Spanish  name  **  adobe."  The  earth  from  which  these  bricks 
are  made  is  also  designated  by  the  same  name.  We  have  therefore 
adopted  it,  with  some  extension  of  its  popular  meaning,  as  a  con- 
venient term  by  which  to  designate  the  fine  subaerial  accumulations 
in  general,  exclusive  of  eolian  sands,  which  occur  in  the  region  just 
referred  to. 

I. — Adobe. 

Dislrt&tth'ofi. — ^The  area  over  which  adobe  forms  a  large  part  of 
the  surface  has  not  been  accurately  mapped,  but  enough  is  known  to 
indicate  that  it  is  essentially  co-extensive  with  the  more  arid  portions 
of  this  country.  In  a  very  general  way  it  may  be  considered  as 
being  limited  to  the  region  in  which  the  mean  annual  rainfall  is 
less  than  twenty  inches.  It  forms  the  surface  over  large  portions  of 
Colorado,  New  Mexico,  Western  Texas,  Arizona,  Southern  California, 
Nevada,  Utah,  Southern  Oregon,  Southern  Idaho,  and  Wyoming.  In 
this  paper  the  great  area  here  designated  is  termed  the  Arid  Region. 
Adobe  occurs  also  in  Mexico  and  may  there  reach  a  greater  develop- 
ment than  in  the  United  States,  but  observations  concerning  it 
south  of  the  Bio  Orande  are  wanting. 
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In  the  United  States  it  oocors  from  near  the  aea-leTel  in  Arizona, 
and  even  below  sea-level  in  Southern  California,  up  to  an  elevatioii 
of  at  least  six  or  eight  thousand  feet,  along  the  eastern  border  of 
the  Bocky  Mountains,  and  in  the  elevated  valleys  of  New  Mezioo, 
Colorado  and  Wyoming.  It  oocupies  depressions  of  all  sizes  np  to 
valleys  having  an  area  of  hundreds  of  square  miles.  Although 
occurring  throughout  the  Arid  Region,  it  oan  be  studied  to  best 
advantage  in  the  drainless  and  lakeless  basins  at  Nevada,  Utah,  and 
Arizona. 

Thickness, — The  maximum  thickness  of  the  adobe  is  always 
difficult  to  determine,  for  the  reason  that  it  is  still  accumulating,  and 
has  not  been  sufficiently  dissected  by  erosion  to  expose  sections  of 
any  considerable  depth.  That  it  not  infrequently  has  a  depth  of 
many  hundreds  of  feet  is  apparent  to  one  who  traverses  the  valley 
in  which  it  occurs.  The  profiles  of  very  many  of  these  valleys 
indicate  that  they  have  probably  been  filled  to  a  depth  of  at  least 
two  or  three  thousand  feet  In  the  larger  valleys  there  are  rocky 
crests,  called  '*  lost  mountains,"  which  project  above  the  broad  level 
desert  surface,  and  are  in  reality  the  summits  of  precipitous  mountains 
that  have  been  almost  completely  buried  beneath  recent  accumula- 
tions. These  qualitative  observations  are  supported  by  a  few 
quantitative  measurements. 

At  Sandy,  about  six  miles  south  of  Salt  Lake  City,  Utah,  and  at 
a  distance  of  two  or  three  miles  west  of  the  west  base  of  the 
Wasatch  Mountains,  a  well  was  bored  a  few  years  since,  in  search 
of  artesian  water,  which  penetrated  fine  yellow  earth  with  occasional 
layers  of  sand,  gravel  and  clay,  to  a  depth  of  about  1600  feet,  with- 
out reaching  the  rock-bottom  of  the  basin.  The  material  taken 
from  near  the  bottom  of  this  well  was  of  the  same  character  as  that 
occurring  at  the  surface  over  a  large  number  of  valleys  throughout 
the  Arid  Region. 

The  boring  at  Sandy  is  in  the  basin  of  Lake  Bonneville  (Quater- 
nary), but  the  entire  depth  of  material  penetrated  cannot  be  referred 
to  the  deposits  of  that  lake.  Older  lakes,  in  which  sands  and  clays 
must  have  been  accumulated,  probably  existed  in  the  same  basin  in 
pre-Bonneville  times,  and  the  depression  must  also  have  been  filled 
by  purely  subaerial  deposits.  It  is  impossible  to  determine  whether 
the  comminuted  material  brought  up  from  the  well  was  deposited 
under  water  or  not,  but  the  precise  manner  in  which  its  accumula- 
tion took  plcMse  does  not  concern  us  so  much  at  present  as  the 
evidence  which  the  well  affords  of  the  great  depth  of  superficial 
material  occurring  in  Great  Salt  Lake  Yalley,  and,  it  is  to  be  pre- 
sumed, in  adjacent  valleys  as  well. 

A  second  well  over  1300  feet  deep  was  bored  a  few  years  since 
near  Humboldt  Lake,  Nov.,  which  penetrated  material  of  the  same 
general  character  as  that  brought  up  from  the  well  near  Salt  Lake 
City,  and,  as  in  the  former  instance,  did  not  reach  the  true  rock- 
bottom  of  the  basin  in  which  it  was  bored.  This  well  was  located 
in  a  valley  once  occupied  by  the  waters  of  Lake  Lahontan  (Quater- 
nary), but  only  the  extreme  upper  portion  of  the  material  penetrated 
caa  be  referred  to  the  sediment  oi  \]hat  \^Vl^. 


/•  C.  Russell^^Subaerial  Deposits  of  North  America.       293 

A  large  number  of  wells  have  been  bored  in  the  Great  Valley  of 
California,  which  penetrate  alternating  layers  of  unconsolidated 
sand,  gravel  and  day,  to  depths  varying  from  a  few  hundred  to 
2300  feet  without  reaching  bed  rock.^  The  deepest  of  these  is 
situated  in  the  northern  part  of  the  San  Joaquin  Yalley,  as  I  have 
been  informed  by  Wm.  Ham.  Hall,  State  Engineer  of  California. 

With  these  measurements  before  us,  it  does  not  seem  that  an 
estimate  of  three  thousand  feet  or  more,  for  the  thickness  of  the 
superficial  deposits  in  many  of  the  valleys  of  the  Arid  Region,  is 
too  great  My  confidence  in  this  conclusion  has  been  increased 
by  finding  that  the  depth  of  superficial  material  in  the  valley  of 
Great  Salt  Lake  has  been  estimated  by  G.  K.  Gilbert'  at  5000  or 
6000  feet. 

Physical  Characters, — ^Typical  examples  of  adobe  may  be  seen  in 
thousands  of  plaoes  in  the  Arid  Region,  where  sun-dried  bricks  are 
being  made.  In  eveiy  Indian  and  Mexican  village  of  Arizona  and 
New  Mexico  there  are  excavations  where  material  has  been  obtained 
for  this  purpose.  Many  times  the  bricks  used  in  the  construction  of 
a  building  are  made  from  the  earth  removed  in  digging  its  founda- 
tions. At  these  and  many  other  localities  where  the  adobe  is  open 
to  view,  it  appears  as  a  fine-grained  porous  earth,  varying  in  colour 
through  many  shades  of  grey  and  yellow,  which  crumbles  between 
the  fingers,  but  separates  most  readily  in  a  vertical  direction.  The 
coherency  of  the  material  is  so  great  that  vertical  scarps  will  stand 
for  many  years  without  forming  a  noticeable  talus  slope.  The  sun- 
dried  bricks  made  from  it  are  more  durable  than  the  escarpments 
of  natural  earth,  and  when,  built  into  walls  are  capable  of  standing 
the  atmospheric  conditions  to  which  they  are  subjected  for  scores  of 
years.  There  are  buildings  now  in  use  in  Santa  F6,  X.M.,  built  of 
sun-dried  bricks,  which,  I  have  been  assured  on  good  authority, 
have  been  standing  for  more  than  a  century. 

Adobe  is  frequently  exposed  in  the  sides  of  arroyos  or  dry  water- 
courses, especially  in  the  valleys  along  the  eastern  base  of  the  Rocky 
Mountains  from  Wyoming  to  Mexico.  At  Canon  City,  Colorado, 
exposures  of  this  character  are  abundant,  and  sections  from  fifteen 
to  twenty  feet  in  height  may  be  examined  in  detail.  Wells  dug  in 
the  same  region  have  penetrated  the  adobe  to  a  depth  of  forty  feet 
without  reaching  its  lower  limit.  At  these  and  at  numerous  other 
localities  that  have  been  examined  no  lines  of  stratification  could  be 
distinguished,  but  the  deposits  were  homogeneous  throughout,  except 
at  times  when  lines  of  pebbles  marked  more  or  less  definite  horizons. 
Pebbles  are  most  abundant  near  the  mountains,  and  become  less  and 
less  frequent  as  one  recedes  from  them.  At  a  few  localities  the 
adobe  was  seen  to  be  traversed  by  small  vertical  tubes,  some  of 
which  branched  downward.  In  samples  collected  at  Santa  Fe,  N.M., 
the  tubes  have  a  diameter  ranging  from  a  fiftieth  to  a  hundredth  of 

'  Physical  Data  and  Statistics  of  California,  Sacramento,  1886. 

'  Report  on  the  Oeolo^  of  Portions  of  Nevada,  Utah,  California  and  Arizona, 
in  Bc^rt  of  GeomphictQ  and  Oeoloeical  Explorations  and  Surreys  West  of  the 
100th  Meridian,  Washington,  1S76,  toI  iii.  p.  66. 
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an  inch.    In  no  inatanoe  oonld  a  definite  lining  to  the  tobes  be 
diatingaiBhed. 

The  adobe  uaed  for  brick-making  is  usually  light  grey  in  colour, 
but  this  is  not  always  the  case.  It  is  frequently  light  yellow,  and 
has  varying  tints  according  to  locality.  Sometimes  it  has  a  reddish 
tint,  caused  by  the  prevailing  colour  of  the  surrounding  rocks  fix)m 
which  it  was  in  large  part  derived.  The  grey  colour  of  the  adobe 
commonly  seen  in  buildings  is  due  in  many,  and  probably  in  all 
cases,  to  an  admixture  of  organic  matter.  Its  characteristio  colour, 
when  free  from  organic  matter,  is  light  yellow.  In  alluvial  cones, 
and  generally  throughout  the  draiuless  valleys  of  the  Arid  Begion, 
this  is  the  prevailing  tint.  The  organic  matter  which  darkens  the 
adobe  in  many  instances  may  have  been  contained  in  the  rocks 
from  which  it  was  derived ;  this  is  certainly  the  case  near  Canon 
City,  Col.,  where  the  adobe  is  formed  principally  from  the  wash  of 
grey  Jurassic  shales.  At  other  times  the  oolour  seems  to  have 
originated  from  the  decay  of  vegetable  matter  buried  in  the  deposit 

When  examined  under  the  microscope,  the  adobe  is  seen  to  be 
composed  of  irregular,  unassorted  flakes  and  grains,  principally 
quartz,  but  fragments  of  other  minerals  are  also  present.  An 
exhaustive  microscopic  study  has  not  been  made,  but  the  samples 
examined  from  widely-separated  localites  were  very  similar.  The 
principal  characteristics  observed  were  the  extreme  angularity  of  the 
particles  composing  the  deposit  and  the  undecomposed  condition  of 
the  various  minerals  entering  into  its  composition.  It  is  to  be 
inferred  from  this  that  the  material  was  not  exposed  even  to  a  very 
moderate  degree  of  friction,  and  had  not  undergone  subaerial  decay 
before  being  deposited.  Adobe  collected  at  typical  localities  is  so 
fine  in  texture  that  no  grit  can  be  felt  when  it  is  rubbed  between 
the  fingers  ;  in  other  instances  it  contains  angular  rock  fragments  of 
appreciable  size,  and,  as  we  have  stated  in  speaking  of  alluvial  cones, 
may  be  intimately  associated  with  rock-masses  many  tons  in  weight. 
When  the  rocks  overlooking  adobe-filled  valleys  are  of  easily  eroded 
sandstone,  the  deposit  in  the  valley  below  is  sometimes  so  sandy 
that  the  distinctive  features  of  adobe  are  lost.  Other  changes  in 
colour  and  texture  have  been  observed,  depending  on  the  character 
of  the  rocks  from  which  the  deposit  was  derived. 

Chemical  Characters. — Analyses  of  several  samples  of  adobe  are 
given  in  the  following  table,  which  show  that  it  not  only  has  a 
varied  composition,  but  difiers  in  its  chemical  characteristics  in 
different  localities. 

The  diversity  of  composition,  as  shown  in  the  table,  indicates 
that  the  deposits  which  we  have  classed  under  the  same  name 
on  account  of  their  physical  and  other  characteristics  vary  widely 
in  constituents.  These  analyses  show  that  adobe  is  very  distinct 
from  residual  clays,  as  is  also  proven  by  its  appearance  under  the 
microscope.  The  table  of  analyses  of  residual  clays  from  the 
Southern  Appalachian  region  is  here  introduced  for  convenience  of 
comparison.  Residual  clays  are  composed  essentially  of  ferruginous 
silicate  of  alumina,  and  are  remarkably  free  from  substanoes  which 
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AjiALTSsi  oj*  Adobe  by  L.  G.  Eakins. 


CoDfltitaents 

SiO,    

A1,0, 

Fe,03 

HnO   

CaO 

MgO   

K,0    

NaaO  

CO, 

PiO.   

BO, 

CI    

H2O    

Orgaaio  matter 


No.  1. 

8MiUFtf.N.M. 
..       66*69 
..       1416 


No.  2. 


No.  8. 


No.  4. 


FortWiBgate.N.lf.    Hamboldt,IfeT.    Salt  Lake  City,  Utah. 


88 
09 
49 
28 
21 
•67 
•77 
•29 
•41 
•34 
4*94 
200 


26-67 

•91 

•64 

trace 

86-40 

-61 

trace 

trace 

25-84 

•76 

•82 

•07 

2-26 

6-10 


44-64      19-24 


13-19 

6-12 

•13 

13-91 

2-96 

1-71 

-69 

8-56 

-94 

•64 

•14 

3-84 

8-43 


3-26 

109 

trace 

88-94 

2-76 

trace 

trace 

29-57 

•23 

•53 

■11 

1^67 

2-96 


09*72  99-97  9984  100-35 

are  readily  soluble  in  ordinary  surface  waters.  Adobe,  on  the  other 
hand,  has  a  complex  composition,  and  carries  many  substances  which 
on  exposure  to  percolating  waters  would  be  dissolved  out  This 
di£ference  is  shown  especially  by  the  absence  of  calcium  from 
residual  clays  and  its  abundance  in  adobe.  Correlated  with  those 
di£ferences  in  chemical  composition  are  marked  contrasts  of  colour. 
The  prevailing  and  characteristic  colour  of  residual  clays  is  dark 
red ;  the  adobe  when  not  affected  by  organic  matter  is  light  yellow. 

Analysis  of  Residual  Clays  fbom  thb  Southebn  Appalachian 

Rboion.^ 


ConstitaentB. 

SiOj 

A1,0,  

Fe,03  

FeO 

TiOa 

P3O5    

NajO    

CajOs  

K2O 

MnO 

CaO 

MgO 

H2O  (by  igmtion) 


No.  1. 
13-26 
28*76 
16-80 

•64 
•10 

trace 

trace 

•37 

•59 

13-26 

10007 


No.  2. 
43-07 
25-37 
1616 


120 

250 

•63 

•03 

12-98 

100-64 


No.  8. 

55-42 

22- 17 

8*30 

trace 


•17 
283 

•15 
1^45 
9*86 

99-84 


No.  1,  Residoal  clay  resnltiDg  from  the  subaerial  decay  of  trap  rock  from 
Wadeeborough,  N.G. 

No.  2,  Residual  clay  resulting  from  the  subaerial  decay  of  Trenton  limestone,  from 
Lexington,  Va. 

No.  3,  Besidual  day  resulting  from  the  subaerial  decay  of  Knox  Dolomite, 
from  MorrisTille,  Ala. 

>  From  XT.  8.  Geol.  Surr.  Bulletins,  No.  52. 
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By  E.  Wilson,  F.O.8.,  and  W.  D.  Cbick, 
With  PalsBontological  Notes  by  S.  Wubon,  F.O.S. 

(PLATE  IX.) 

WHEN  the  new  railway  from  NottiDgham  to  Market  Harborough 
was  made,  several  instructive  sections  in  the  Upper  and 
Middle  Lias  series  were  opened  out  between  the  latter  place  and 
Tilton.  Most  of  these  are  now  covered  up  and  grass-grown,  bat  one 
of  the  best  is  still  partially  laid  bare  in  the  deep  catting  at  Tilton 
Station.  This  Tilton  section  has  become  one  of  considerable  interest 
to  the  geologists  of  the  Midland  district,  from  the  complete  and 
characteristic  exposure  which  it  gives  of  the  Marl  stone  Bock  of 
Leicestershire  in  its  fully  developed  and  unweathered  form,  and  also 
on  account  of  the  rich  fauna  which  that  rock,  and  in  particular  its 
top  or  '  Transition  Bed,'  has  here  yielded. 

The  main  purpose  of  this  note  is  to  present  a  list  of  these  fossils 
with  a  detailed  description  of  a  few  of  them  which  are  either  new 
to  the  British  Lias,  or  which  have  not  hitherto  received  an  adequate 
description.  Before  entering  upon  this  part  of  our  task,  a  very 
brief  account  of  the  stratigraphy  of  the  district  referred  to  will  be 
desirable.  A  little  to  the  south  of  Tilton  Station  the  following 
section  is  exposed : — 

Upper  Lias  Shales:  concealed  in  grass-grown  slopes  of  the  catting,    Ft.  in. 
yielding    a    few  fossils,    e.g.    Harpocerat    aerpentinumt  Stephanoeerat 
erastumf   Turbo  Theodori,  Troehua  NorthamptonentUf  Leda  ovum^  and 
BeltmniUt     about    80      0 

Middle  Lias  :  MarhUme  Rock,  

'* Transition  Bed'*  (Middle  to  Upper  Lias);  flagey  limestone,  con- 
taining Harpocerat  acuium,  Amaltheue  spinatusy  Stepkanoceraa  eotnmune, 
St.  annulatumt  etc.,  Nautilus  truneatue,  Belemnitet  eiongatus,  B.  paxil- 
iosus,  etc.,  Lima pectinoidea,  Pecten  aquivalvit,  etc,  many  Oasteropods, 
Fleurotomaria  rustica^  Crpptania  expanaa,  Troehua  lineatua,  TV.  oriel, 
Cerithium  (P)  ^on/iMum,  C,  ferreum,  etc.  RhynehoneUa  tetrahedra  var. 
Northamptonenaia^  Tarebratula  punctata ,  and  fragments  of  fossil  wood  0  9  to  0      6 

Bluish -green  ferruginous  limestone,  finely  oolitic ;  Earpoceraa  acutum,  StC' 
phanoeeraa  eomtnune,  Feeten  aguivalvia,  F.  lunularia^  Terebratula  punc' 
^a/a,  and  j^e/emm^M,  in  two  blocks  4      3 

Bluish -green  finely  oolitic  ferruginous  limestone  with  irregular  seams  of 
encrinital  fragments;  Feeten  aquivalvia,  F,  lunularia,  and  Belemnitea,  in 
boree  diocks   ...         ...        ...         ...        ..  ...         ...        *..         ...      4      a 

Bluish-green  rock,  becoming  locally  a  '*  jack  "  ;  ^  Feeten  eequivalvia,  JZA. 

tetrahedra^  T,  punctata  vol  Belemnitea      1      6 

Greenish  arenaceous  rock  with  a  **jack''  in  upper  portion  and  nodular 
below;  Bh.  tetrahedra j  T.  punctata  and  Belemnitea        4      6 

Greenish  arenaceous  rock  with  **  jack  "  in  upper  half,  and  nodular  below ; 
Amaltheua  margaritatua,  Oreaalya  luuulata,  0.  intermedia^  Fteuromya 
sp.,  Bh,  tetrahedra^  and  T,  punctata      8      6 

18      6 


Middle  Lias  Shales  with  bands  of  sandstone  and  scattered  limestone 
nodules,    etc..  Am,   margaritatua,  Frotocardium    truneatum,    Menotia 
eygnipea,  Avieula  inaquivalvia  and  Zeda  eomplanaia,  etc.          ...    about    18      0 
13  feet  exposed,  increasing,  as  the  beds  rise,  to  the  north.  

1  <<  Jack,'*  a  quarryman's  term  for  a  bed  of  marlstone  made  up  of  an  agglomera- 
tion of  the  shells  of  Bhynehonella  tetrahedra  and  Terebratula  punetata. 
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The  Marlstone  Book  in  the  Tilton  railway-ontting,  lying  beneath 
a  thick  capping  of  Upper  Lias  Shales,  is  a  hard  massively-bedded 
grey  ferruginous  limestone,  in  appearance  something  like  the  Marl- 
stone  Ironstone  of  the  Cleveland  district  of  Yorkshire,  but  more  finely- 
grained  and  duller  looking,  and  containing  also  a  much  less  per- 
centage of  iron.  The  rock  is  traversed  by  numerous  joints,  and 
along  these  and  also  along  the  bedding-planes  to  the  depth  of  a  few 
inches  on  either  side  the  carbonate  of  iron  has  been  changed,  under 
the  influence  of  percolating  waters,  into  the  hydrated  ferric  oxide. 
Coincidently  with  this  chemical  change  the  greenish-grey  stone  has 
assumed  a  rusty-brown  colour,  so  that,  when  first  opened  out,  the 
face  of  the  rock  presented  a  very  prettily  checked  appearance.  A 
few  years'  exposure  to  the  atmosphere,  however,  has  gone  far 
towards  toning  down  this  variegation  and  covering  the  whole  face 
of  the  Marlstone  Hock  with  a  uniform  dull  brown  tint. 

So  far  as  the  Leicestershire  area  is  concerned,  the  **  Transition 
Bed,"  at  the  top  of  the  Marlstone  Bock,  appears  to  be  confined  to 
this  single  locality.  This  bed  is  remarkable  for  the  numerous  and 
varied  organisms  which  it  contains.  Of  these  Harpoceraa  acutum  is 
especially  abundant,  and  characteristic  of  this  horizon.  Several 
Ammonites  usually  confined  to  the  Upper  Lias  are  here  found  asso- 
ciated with  other  forms  characteristic  of  the  Middle  Lias,  so  that 
palsBontologically  the  "  Transition  Bed"  must  be  considered  as  really 
transitional  between  those  two  series,  notwithstanding  that  it  pos- 
sesses the  mineral  characters  of,  and  is  welded  to  the  Marlstone 
Bock.  We  have  not  therefore  hesitated  to  apply  to  this  bed  the 
name  given  by  Mr.  E.  A.  Walford  *  and  Mr.  B.  Thompson  *  to  a 
similar  bed  which  lies  at  the  top  of  the  Marlstone  Bock  in  Oxford 
and  Northamptonshire.  It  is  mainly,  if  not  solely,  from  this  thin 
stratum  that  the  Ammonites,  as  well  as  the  Gasteropods,  which  are 
so  numerous  at  Tilton,  have  been  obtained.  The  *'  Transition  Bed  " 
may  be  examined  in  aitu  on  a  narrow  ledge  which  projects  a  little 
from  beneath  the  Upper  Lias  shales  on  the  west  side  of  the  railway- 
cutting,  and  the  best  way  to  work  it  is  to  turn  over  and  break  up  the 
slabs  with  a  pick  in  wet  weather,  when  the  stone  is  softer  and  works 
much  more  readily.  A  small  dip — about  1^  S.E. — carries  this  bed 
and  the  Marlstone  Bock  beneath  the  line  towards  the  south  end  of 
the  cutting. 

The  material  taken  from  the  Tilton  cutting  has  been  used  to 
construct  the  embankment  at  East  Norton,  about  three  mil^s  to  the 
south.  Here  blocks  of  the  Tilton  Marlstone  lie  about  in  great  num- 
bers. Under  the  action  of  the  weather  during  the  ten  or  twelve 
years  which  have  elapsed  since  the  line  was  made,  the  hard  grey 
Marlstone  Bock  has  been  changed  superficially  into  a  comparatively 
soft  brownish  arenaceous  ironstone,  a  change  of  the  same  kind,  if 
not  carried  to  the  same  degpree,  as  that  which,  in  the  course  of  ages, 

1  '<  On  some  Middle  and  Tipper  lias  Beds  in  the  Neigbboorhood  of  Banbury,"  by 
Edwin  A.  Walford.  F.G.S.,  Proc.  Warwick  Nat.  and  Arch.  Field  Club,  1878. 

'  "Notes  on  Local  Geology,"  by  B.  Thompson,  F.G.S.,  part  x.  **The  Junction 
Beds  of  the  Middle  and  Upper  Lias,"  Journal  Northants.  Nat.  Hist.  Soo.  yoL  ii^ 
p.  239,  1883, 
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has  converted  thie  denee  grey  fermginoua  limeetone  into  a  ponxis 
and  friable  raaty  brown  ironstone  over  snoh  large  anas,  where  it 
forms  the  surface  rook,  in  Leicestershire  and  Butland.'  This  soften- 
ing process  has  made  it  possible  to  extract  a  large  number  of  &snli 
in  a  fairly  complete  state  of  preservation. 

The  list  of  Tilton  fossils  here  given  is  in  Iscrge  measure  founded 
upon  specimens  thus  obtained.  It  is  therefore  in  many  cases  im- 
possible to  say  with  absolute  certainty  from  what  part  of  the  'niton 
section  these  fossils  came ;  but  as  we  find  that  the  chief  repositoiy 
for  the  cephalous  mollusca,  at  any  rate,  at  Tilton,  is  the  toper 
'*  Transition  Bed/*  we  shall  probably  be  pretty  safe  in  assuming  that 
most  if  not  all  of  the  similar  organisms  found  in  the  Marlstone 
blocks  of  the  East  Norton  embankment  have  been  derived  from 
that  horizon. 

Going  south  from  Tilton,  the  Marlstone  Bock  rapidly  dies  away. 
In  the  railway-cutting  near  East  Norton  Station  it  can  still  be  traced 
as  a  concretionary  bed  two  or  three  feet  in  thickness,  whilst  between 
Eeythorpe  and  HalJaton  it  is  less  than  one  foot  thick ;  and  neariug 
Market  Harborough,  it  locally  disappears  altogether. 

In  the  East  Norton  railway -cutting  the  grey  clays  of  the  **  Com- 
munis zone  "  of  the  Upper  Lias  are  exposed,  and  have  yielded  the 
following  characteristic  Upper  Lias  fossik : — 


Stfphanocerat  commune^  Sow. 

,,  erauum^  T.  &  B. 

S'arpoaras  bifrons,  Brug. 
JBelemnitea  tubUnuia^  SimpsoD. 
Hortonia  {Purpurina)  FatrocluSy  d*Orb. 


Inoctramut  duHtm^  Sow. 
Nueula  Eammari^  Defranoe. 

,,       clavi/ormit,  Sow. 
Serpula  trierutaUt,  Goldfuss. 


Palaontological  Notes,  hy  E.  Wilson,  F.G.S. 

Although  it  has  fiEdlen  to  my  lot  to  undertake  the  critical  palsBon- 
tology  connected  with  the  subject,  I  have  to  acknowledge  very 
considerable  assistance  from  my  colleague  in  this  department  of  our 
joint  work.  Mr.  Crick  has  not  only  collected  the  great  majority  of 
the  fossils  mentioned  in  the  Appendix,  but  he  has  also  identified  the 
whole  of  them,  with  the  exception  of  the  Gasteropoda  and  the  species 
which  I  have  described.  The  success  attending  Mr.  Crick's  re- 
searches in  the  neighbourhood  of  Tilton  will  be  understood  when  I 
mention  the  fact  that  five  years  ago  the  total  number  of  species 
which  had  been  derived  from  the  Marlstone  Rock  of  the  Leicester- 
shire district,  including  Eutland  and  S.W.  Leicestershire,  did  not 
exceed  sixty,  and  that  it  is  chiefly  through  his  labours  that  this  total 
has  been  increased  to  one  hundred  and  ten.'  Seeing  that  scarcely 
anything  has  been  found  in  the  Leicestershire  district  which  has 
not  also  been  found  at  Tilton,  the  Marlstone  fauna  of  this  single 
locality  may  be  considered  to  fully  represent  that  of  the  larger  area 
referred  to. 

1  Ab  an  illQBtration  of  the  effect  of  atmospheric  action  in  producing  this  change,  it 
may  be  mentioned,  that  under  the  railway  bridges  where  tne  Marlstone  ballast  has 
been  protected  from  the  rain,  the  rock  remains  in  practically  the  aama  hard  state 
as  that  in  which  it  was  first  quarried. 

^  We  are  indebted  to  Mr.  B.  Thomnson,  F.6.S.,  of  Northampton,  for  the 
pririlege  of  inspectine  his  collection,  and  alio  for  the  loan  of  tome  of  the  most 
uiterason^  ot  the  fossils  here  described. 
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Withoat  further  preface  I  prooeed  to  the  oonsideration  of  certain 
of  theee  fossils  which  are  either  new  to  science,  or  to  the  British 
Lias,  or  which  call  for  more  complete  description  or  revised  nomen- 
clature. These  fossils  have  all  been  derived  from  the  Marlstone 
Sock  of  Tilton,  Leicestershire,  with  the  exception  of  the  remarkable 
form  first  noticed,  which  is  from  the  Upper  Lias  of  East  Norton, 
Butlandy  and  the  peculiar  interest  of  which  must  be  my  apology 
for  noticing  it  in  an  essay  not  strictly  dealing  with  Upper  Lias 
palsBontology. 

NoBTOHiA  (Pcbpubina)  Patboolus,  D'Orbigny,  1847,  Plate  IX. 

Figs,  la,  16. 

1847.      J\urho  Fatrodu;  d'Orbigny,  Prodrome  de  Paleontologie,  toL  i. 

p.  248, 
Byn.    1860.    Hifpuirma  Tatroelut^  d'Orb.,  PaL  Fran^.  Terr.  Jur.  vol.  iL  Gast 

pi.  829,  Ib.  9-11. 
P         ,»        Furpuntw  ThUianu,   d*Orb.,  Pal.  Fran9.  Terr.  Jar.  roL  iL  Oast. 

pi.  329,  fs.  12-14,  as  Turbo  Fhiliatua  in  the  Prodrome, 
vol.  i.  p.  248. 
1856.    LUtoritM  Fatroelui,  d'Orb.  sp.  Piette,  Bull  Soc.    06ol.  France, 

2nd  ser.  toI.  xiii.  p.  687. 
1860.    Eucydut  Tatroeius,  d'Orb.  sp.  Eudes  Desl.    Bull.  Soc.  Linn.  Norm. 

Tol.  T.  p.  138.  Ibid.  £ug.  Desl.  op.  cit  p.  135. 
non  Purpurina  tubangulala^  Mil.  sp.  Oppel,  ''Der  Jura,**  p.  386.^ 
neo  lUrbo  tuhtmgulatust  MiiAster,  Goldfuss,  Petref.  Germ.  toI.  iii.  p.  98, 

pi.  124,  f.  6. 

Description. — Shell  thin,  elongate,  conical,  apex  acute;  whorls 
9,  angular,  screw-like,  with  a  very  prominent  acute  and  crenulated 
keel,  situated  about  two-fifths  of  the  breadth  of  the  whorl  from  the 
anterior  suture ;  the  whorls  slightly  concave  and  gently  sloping  from 
the  keel  to  the  posterior  suture,  more  deeply  excavated  and  steeply 
inclined  inwards  to  the  anterior  suture;  the  sutures  are  bounded 
posteriorly  by  a  raised  simple  spiral,  anteriorly  by  a  finely  granulated 
one ;  the  base  is  convex  and  fairly  inflated,  bearing  five  equidis- 
tant raised  granulated  spirals,  between  the  middle  three  of  which 
are  two  simple  ones ;  the  whole  surface  of  the  shell  is  covered 
with  very  fine  spirals ;  the  posterior  border  of  the  last  whorl  rises 
near  its  termination  at  the  aperture,  so  as  to  slightly  embrace  the 
penultimate  whorl :  aperture  ovate,  a  little  oblique,  the  outer  lip  has 
lis  inner  border  considerably  expanded,  and  its  outer  edge  is  thickened 
by  a  very  narrow  rim,  and  digitated  by  the  keel  and  basal  spirals ; 
oolumellar  border  with  a  thin  shelly  deposit,  columella  outwardly 
twisted  anteriorly ;  a  narrow  umbilical  slit ;  anterior  canal  a 
broad  shallow  groove  directed  obliquely  outwards,  and  effuse  in 
front ;  posterior  canal  a  narrow  groove  concealed  beneath  the  over- 
lapping portion  of  the  last  whorl.  Length,  16  mm.  Greatest  diameter, 
9  mm.  Spiral  angle,  87^  Sutural  angle,  125^.  Proportion  of  last 
whorl  to  whole  shelly  7  to  16.* 

^  Oppel  was  OTidenilj  mistaken  in  considering  JUrbo  Fatroelui,  d'Orb.,  as  the 
eqmTslent  of  Ikirbo  tubangulntui.  Mil. 

*  Figs.  Itf,  1^,  accnrately  represent  this  form,  except  that  in  Fig.  la  the  shelly 
callus  on  the  inner  lip  should  hiaTiB  been  shown  to  continue  as  far  as  the  end  of  the 
posterior  canal. 
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Ajffinities. — D'Orbigny,  in  hiB  Prodrome,  givM  a  short  diagnosifl  of 
a  fossil,  which  appears  to  be  rather  widely  distribated  in  the  Upper 
Lias  (etage  Toarcien)  of  the  centre  and  east  of  France,  under  the 
name  Turbo  Patrodua,  and  the  same  form  appears  in  the  **  Pal6onto- 
logie  Fran9aise  "  as  Purpurina  Patroclm.  Althongh  no  deecriptioii 
is  given  in  the  latter  work  of  this  or  indeed  of  any  other  i^irptcrnia, 
it  is  obvious,  from  the  illustrations  in  the  atlas,  that  we  have  hers 
oar  Rutland  fossil.  Yet  the  figuro  in  the  "  PaL  Fran9."  is  romark- 
able  in  this,  that  with  the  identical  form  and  ornamentation  of 
the  English  fossil,  it  prosents  apertnral  characters  which  aro  veiy 
different.  Instead  of  the  contracted  aperturo,  thickened  outer  lip, 
and  anterior  and  posterior  canaliculation,  possessed  by  our  ehell,  we 
see  depicted  a  large  oval  aperturo  with  rounded  margins  and  without 
the  trace  of  a  groove  or  canal.  Evidently  whilst  the  body  of  the  shell 
of  Purpurina  Patroclus,  D*Orb.,  is  correctly  delineated,  the  aperture 
is  a  beautiful  but  imaginary  restoration ;  and  the  same  observation 
will  probably  apply  to  Purpurina  Philiaaw,  D'Orb.,  which  is  prob- 
ably only  a  moro  highly  ornate  variety  of  P.  Pairodus.  It  is  true 
thero  aro  other  Jurassic  Gasteropods  whidi  have  a  spiro  and  orna- 
mentation extromely  like  P.  Patrodua,  and  which  nevertheless 
belong  to  differont  groups,  e,g.  Alaria  and  Paeudaiaria;  but  the 
points  of  agreement  between  the  fossil  hero  figurod  and  the 
illustration  in  the  Pal.  Frang.  are,  I  hold,  too  precise  to  leave  the 
above  identification  in  doubt  It  is  to  be  noted  also,  that  the  name 
Purpurina  given  by  D*Orbigny,  implies  that  he  oonsidered  these 
shells  siphonostomatous,  and  this  is  ezprossed  also  in  the  original 
diagnosis  of  the  genus,  by  that  author  in  his  **  Gours  elementairo 
de  pal^ontolgie," — **Ouverturo  pourvue  en  avant  d*un  tr^  6troit 
sillon  qui  remplace  I'echancruro  des  Purpura."  It  will  not  be 
necessary  to  give,  at  this  point,  the  history  of  Purpurina,  the  moro 
so  as  this  subject  was  not  very  long  ago  treated  in  some  detail  by 
my  esteemed  friend  Mr.  W.  H.  Hudleston,  F.B.S.,  in  the  pages  of 
the  Geologioal  Magazine,^  and  still  moro  recently  in  the  first  part 
of  his  valuable  Monograph  on  the  Inferior  Oolite  Gasteropoda.'  It 
is  sufficient  for  my  purpose  to  point  out  that,  whilst  Jurassic 
paleontologists  have  rightly  followed  Deslongchamps  and  Piette  in 
rostricting  the  genus  Purpurina  to  forms  possessing  the  general 
characters  of  Purpurina  bdlona,  D*Orb.,  continental  authors  have 
been  generally  misled  in  their  identifioation  of  P.  Patrodua,  D*Orb. 
as  one  of  the  Littorinidse  (an  Eucydua=Amberleya,  or  a  Littorina), 
by  the  inaccurate  figures  in  the  Pal^ontologie  Fran^aise.  What 
then  are  the  true  affinities  of  the  shell  under  consideration  ?  In  the 
aggregate  of  its  characters — the  rather  elongate  spiro,  the  apertture 
with  an  expanded  outer  lip,  slightly  enveloping  last  whorl,  out- 
wardly twisted  columella  and  clearly  defined  anterior  and  posterior 
canaliculation — this  peculiar  form  seems  to  fall  under  the  Cerithiid®. 
It  will  scarcely,  however,  come  within  the  genus  Cerithium  or  any 
other  established  genus  of  that  family.    In  certain  details  of  form  and 

1  Gbol.  Mao.  Deo.  II.  Vol.  IX.  (1882),  p.  11. 
>  Pal.  Soc.  British  Jorass.  Gast.  pt.  i.  p.  8,  and  p.  83. 
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ornamentatioD  Purpurina  Patrodus,  D'Orb.,  is  remarkably  like,  and 
is  probably  related  to,  the  type  of  Mr.  Hudleston's  new  Jurassic  genus 
Pteudalaria  {Alaria)  Eiheridgii,  Tawney,  but  the  oharaoters  of  the 
aperture  are  suffioiently  different  in  these  two  shells  to  bring  them 
tmder  distinct  generic  groups.  I  believe  it  will  be  best  to  found 
a  new  genus  for  the  reception  of  this  remarkable  Rutland  fossil.  I 
therefore,  suggest  for  it  the  name  Nortonia,  in  reference  to  the  only 
British  locality,  East  Norton,  where  it  has  at  present  been  found. 
Nortonia  might  be  briefly  defined  as  a  Cerithium  with  a  very 
shallow  anterior  canal,  and  with  eucydoid  spire  and  ornamentation.^ 
Nortonia  PcUrodus  is  perhaps  one  of  those  "  common  forms  "  which 
serve  to  link  together  several  very  diverse  genera,  such  for  example 
as  Cerithium  and  Pieudalaria  on  the  one  hand,  and  Amberleya  and 
Purpurina  on  the  other. 

I  am  indebted  to  Mr.  Beeby  Thompson,  F.G.S.,  of  Northampton, 
for  the  opportunity  of  examining  this  extremely  interesting  fossil. 

Geological  Horizon  and  Locality, — Upper  Lias  Shales,  Bailway- 
cutting,  E€u»t  Norton,  Rutland. 

CiBiTHiuM   (Ojebithinblla  ?)    GONFosuM,  Tato,   1875.    Plate  IX. 

Figs.  2,  2a. 

1875.  Ckrithium  eonfitaum,  Tate,  Geol.  Mao.  Dec.  II.  Vol.  II.  p.  206. 

I  have  several  specimens  of  a  highly  elongate  conical  shell  from 
East  Norton,  which  answers  to  the  description  given  by  Tate  of  the 
above  type.  The  state  of  preservation  of  these  fossils  is  not  suffi- 
ciently good  to  indicate  with  certainty  their  generic  position.'  No 
figure  accompanied  the  original  description.  I  therefore  give  illus- 
trations from  our  Leicestershire  specimens. 

Marlstone  Bock,  Tilton  (East  Norton  embankment). 

Cebithium  febbeum,  Tate,  1875.     Plate  IX.  Figs,  da,  86,  dc. 
1875.  Cerithium  ferreum^  Tate,  Geol.  Mag.  Dec.  II.  Vol.  II.  p.  205. 

A  number  of  shells  have  been  obtained  from  the  Marlstone  Tran- 
sition-bed of  Tilton,  and  from  the  East  Norton  embankment,  which 
correspond  vrith  Tate's  type.  No  figures  of  this  form  having  yet 
been  published,  I  give  illustrations  from  Tilton  specimens  to  supple- 
ment the  original  description  in  the  Obolooioal  Magazine. 

Marlstone  Bock,  Tilton  (East  Norton  embankment  and  Tilton). 

Ckrithium  oostulatum?  Desl.  1842.    Plate  IX.  Figs.  4,  4a. 

1342*    Cerithium  coatulatum,  Desl.  M6m.   Soc.  Lian.   Norm.  Tol.  vii.  p.   199, 

pi.  zi.  figs.  12,  13. 

There  is  a  single  imperfect  specimen  from  East  Norton,  of  an 
elongate  conical  shell,  which  appears  to  represent  the  above  type  of 

^  As  a  general  principle,  no  deubt,  it  is  not  safe  to  found  a  genns  or  even  a  species 
on  a  single  specimen,  and  this  prevents  my  giving;  a  more  precise  diagnosis  of 
Kortonia.  In  justification  of  the  above  genus  •making'  however,  it  may  be  said, 
thit  the  characters  of  i^.  Patroclua  are  exceedingly  well  defined,  that  our  solitary 
specimen  is  apparently  an  adult  shell,  and  is  exceptionally  well  preserved,  and  that 
there  ia  evidence  of  its  maintaining  its  characters  constant  over  a  wide  geographical 
area. 
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BeBlongobamps.  The  original  iUmtratioiiB  are  hx  from 
but  the  figured  shell  has  a  spire  which  is  identioal  in  its  fonn  and 
proportions,  and  apparently  also  in  its  ornamentation,  with  the 
above  type,  and  I  therefore  make  this  identifioatioii  with  some  oon- 
fidenoe  in  its  aocoraoy. 

Marlstone  Book,  TUton  (East  Norton  embankment). 

Cebithium  Ilmimstkbkiisis,  Moore,  1866.    Plate  TX.  Figs.  5a,  56, 5c 

1865-6.  C.  IlmmtUrtnntf  Moore,  Proc.  Somerset  Arch,  and  Nat.  ffiit  Soe.  toI 

ziii.  p.  200,  pi.  It.  b.  12,  12a. 

There  are  a  number  of  speeimens  of  a  shell  whiob  agrees  in  its 
general  characters  with  Moore's  type.  These  shells  are  twice  the 
length  of  the  type,  with  the  same  number  of  wborls,  and  also  differ 
from  C.  Ilminaterensia,  Moore,  agreeing  with  C.  Dayii,  Tate,  in 
having  four  rows  of  subspinoos  encircling  costulse  instead  of  three 
in  each  whorL  These  small  points  of  difference  do  not,  however, 
seem  to  me  to  be  characters  of  specific  value. 

Marlstone  Rock,  Tilton  (East  Norton  embankment). 

PsKunoMELAHiA   (GsBMNrrziA)    Bbannotiensis,   Damortier,  1869. 

Plate  IX.  Figs.  6,  7. 

1869.    Chunnitzia  Brannovientia^  Dnmort  Etudes  Pal.  nir  les  D^pdiB  JurasB.  da 

Bassm  da  Rhoae,  pt.  iii.  p.  218,  pi.  27,  111. 

The  Marlstone  blocks  on  the  East  Norton  embankment  have 
yielded  us  a  number  of  shells  which,  although  of  much  smaller 
dimensions,  seem  to  agree  with  this  type  of  Dumortier's.  Seeing 
that  this  fossil  has  not  hitherto  been  recorded  from  the  British  Lias, 
the  following  description  and  the  illustrations  here  given  may  be  of 
interest  to  the  students  of  the  English  Jura.  I  adopt  the  generic 
designation  of  Pictet  and  Campiche  as  applicable  to  this  form. 
Description : — "  Shell  conical,  short,  imperforate ;  spiral  angle  regu- 
lar ;  whorls  eight,  flat  or  very  slightly  convex,  covered  with  trans- 
verse lines  of  growth,  forming  thick  irregular  obscure  plicsd,  which 
give  origin  close  to  the  suture  posteriorly,  to  a  series  of  nodales, 
slightly  scalariform.  Aperture  high,  ov^,  very  oblique,  without 
callosity  over  the  columella.  The  last  whorl  occupies  nearly  half 
the  total  height.     Length  to  width  32  :  17.     Spiral  angle  43^." 

East  Norton  specimens  give :  Height  22  mm. ;  Diameter  11  mm.; 
Spiral  angle  42°. 

Marlstone  Bock,  Tilton  (East  No|:ix)n  embankment). 

PsEUDOMSLANiA    (Phasianella)   tubbinata,  Stoliczka,    1861. 

Plate  IX.  Figs.  8,  9. 

1861.    PhaiianeUa    iurbinata,   Stol.,  Gast.  and   AcepK   der   Hierlatz-Schichten, 
Jahrbuch  der  k.  k.  Reichsaostalt  (Wien),  vol.  xliii  p.  177,  pi.  iii.  Ib.  1.  2. 

Like  Pa,  Brnnnoviensia,  this  is  fairly  common  at  Tilton.  The 
genus  Pseudomelania  is  suggested  as  a  more  fitting  generic  appella- 
tion for  this  form  also. 

Marlstone  Rook,  Tilton  (East  Norton  embankment). 
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TuBBO  BUGiFXBA,  Hoore,  1867.    Plate  IX.  Figs.  lOo,  106,  11. 

1867.     IStrbo  mgtfgraj  Moore,  Middle  and  Upper  Lias,  Proo.  Somerset  Arch, 
and  Nat.  Hist.  Boo.  toI.  ziii.  p.  209,  pi.  yi.  figs.  23,  24. 
Syn.  „         Iktrbo  toronatus,  Moore,  Ibid.  p.  209,  pi.  yi.  figs.  21,  22,  22*. 
8yn.  ,,        JNeurotomaria  cottulatum,  Moore,  Ibid.  p.  206,  pi.  t.  figs.  12,  13. 

Fresh  description, — Shell  turbinated,  conical,  nmbilicated,  apex 
acute;  whorls  6-7,  oonyex,  narrow,  with  a  broad  flattened  area 
bounding  the  sutures  anteriorly,  ornamented  by  sharply  raised  spiral 
lines,  of  which  there  are  six  or  seven  on  the  penultimate  whorl, 
crossed  by  numerous  fine,  regular,  dcvse-set  oblique  radial  lines,  which 
raise  the  spirals  into  neat  granulations  at  their  decussations ;  base 
Tery  slightly  convex,  umbilicus  deep  and  generally  large,  with  a 
squarely  angulated  and  crenulated  edge ;  aperture  nearly  round  and 
nearly  free  from  the  last  whorl ;  outer  lip  thin,  inner  lip  with  a 
lunate  shelly  expansion  anteriorly.  A  few  fine  spirals  may  mark 
the  circumference  of  the  base,  and  very  faint  concentric  stnas  are 
sometimes  discernible  between  these  and  the  centre  of  the  base,  over 
which  the  fine  radial  lines  are  continued  in  flexuous  curves.  Height 
9  mm. ;  Diameter  8  mm.  to  9  mm. ;  Spiral  angle  60°  to  92^. 

Note. — ^There  is  evidently  considerable  variation  within  the  limits 
of  this  species,  and  different  appearances  are  presented  by  different 
individuals  according  as  the  spire  is  more  raised  or  depressed,  and 
according  as  the  varying  relative  strength  of  the  spirals  gives  a 
rounded  or  an  angulated  appearance  to  the  whorls.  It  is  not  there- 
fore surprising  that  the  late  Charles  Moore  made  three  species  out 
of  the  three  variable  specimens  of  Turbo  rugifera  which  he  obtained 
from  the  Middle  Lias  Marlstone  of  Ilminster.  The  specimens 
collected  by  Mr.  Crick  at  East  Norton  serve  to  link  these  three 
forms  together,  and  indicate  that  Turbo  rugifera  is  the  true  type. 
Having  carefully  examined  the  type  of  Pleurotomaria  costulatum, 
Moore,  in  Bath  Museum,  I  see  no  reason  for  considering  that  shell 
a  Pleurotomaria.  It  shows  no  trace  of  a  sinus-band,  and  appears  to 
be  only  a  highly  granular  and  somewhat  squarely-keeled  example 
of  Turbo  rugtfera,  Moore.  Turbo  coronatus  also  is  only  a  more  fully 
grown  shell  of  the  same  type,  with  the  difference  that  the  greater 
prominence  and  coarseness  of  one  of  the  spirals  gives  its  whorls  a 
coronated  aspect. 

Marlstone  Book,  Tilton  (East  Norton  embankment). 

Tboohits  sotulus,  Stoliczka,  1861.    Plate  IX.  Figs.  12a,  126, 12c. 

1861.     Trochut  rotulut,  Siol.,   Oast,  nnd  Aceph.  der  Hierlatz-Scbichten,  Jahrbach. 
der  k.  k.  Beichaanstalt  (Wien),  toI.  xliii.  p.  173,  pi.  ii.  f.  7. 

In  the  Journal  of  the  Northampton  Natural  History  Society  for 
1883  *  Mr.  E.  A.  Walford,  F.G.S.,  quotes  this  fossil  from  the  Marl- 
stone Transition-bed  of  Aston-le-Wall  and  Appletree,  and  gives  an 
illustration  (loa  oit.  fig.  6),  which  can  however  hardly  be  con- 
sidered a  satisfactory  representation  of  this  very  elegant  little  shell. 
I  trust  the  figures  here  given  may  be  more  successful.     Trochus 

^  Joum.  Korthants  Kat.  Hirt.  Soc.  toI.  ii.  (1883)  p.  296,  pi.  fig.  6. 
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rottduB,  Stol.,  most  not  be  oonfonnded  with  Troekm  PeUierUmeniU, 
Moore,  from  whioh  it  is  quite  diBtinot. 
Marlstone  Hook,  Tilton  (East  Norton  embttikment). 

Plxxtbotom ASIA  HSLioiMoiDKS,  Boemer,  1836.  Plate  IX.  Figs.  18a,  13(. 

1836.     Ih>ehut  helieinaidet,  Boemer,  Die  YenteiiL  det  OoL*6ebizge8,p.  160. 

pi.  xi.  f.  13. 
Sjn.  1867.     Drochui  earinatut,  Moore,    **  Middle  and  Upper  Hat  of  the  Sontii. 

West  of  England,*'  Proe.  Somenet  Aieh.  and 

Nat.  HlBi  Soc.  toL  ziii  p.  207,  pL  4,  fs.  24, 25. 

non  Dirbo  etnaiis,  Miinster,  nee  Flmrotomarim  Miaiwidetf  Boemer, 

of  Tate. 

Whilst  agreeing  with  Mr.  Ralph  Tate,  F.G.S.,*  that  Trocku 
earinatus,  Moore,  is  a  Pleuroiomaria,  and  (in  all  probability)  identical 
with  Trochua  (not  Turho)  helicinoides,  Roemer,  I  cannot  go  so  far  as 
to  admit  that  these  are  the  same  as  Turho  eanalis^  Miinster — a 
Pleurotomaria  truly,  but  a  different  species  I  maintain,  to  the  above. 
The  figure  entitled  Pleurotomaria  helicinoides  in  the  Yorkshire  Lias 
is,  I  consider,  an  illustration  of  '  Turbo  *  canalis,  Mil.,  and  not  of 
'  Trochus  *  helicinoides,  Roemer. 

The  following  descriptions  and  the  accompanying  figures  of  Tilton 
specimens  will  indicate  the  chief  points  of  difference  between  these 
two  forms. 

Pleurotomaria  helicinoides^  Roemer  (assuming  this  to  be  the 
equivalent  of  Trochus  earinatus,  Moore),  is  a  smooth  and  even  polished 
shell,  with  very  clean  cut  and  angular  sculpturing ;  the  whorls  have 
an  acute  keel  anterior  to  the  middle  line ;  on  this  keel  is  placed  the 
sinus-band,  which  is  bounded  by  a  single  rather  widely-spaced 
raised  line  on  each  side ;  from  the  sinus-band  the  whorl  falls  verti- 
cally in  front  to  the  anterior  suture,  and  slopes  gently  back  in  a 
single  concave  sweep  to  a  raised  line  or  faint  keel  close  to  the 
posterior  suture ;  the  last  whorl  bears  a  third  angulated  keel  ante- 
riorly, bounding  the  broad  vertical  area  below  (t.e.  anteriorly) ; 
the  shell  is  covered  with  very  fine  curved  lines  of  growth;  the 
base  is  only  slightly  convex,  smooth,  but  bearing  a  few  very  fine 
acute  concentric  lines  either  limited  to  the  outer  part  or  continuous 
to  the  centre;  there  is  a  very  small  umbilicus;  the  aperture  is 
transversely  ovate,  with  ill-defined  columella.  Height,  8  mm.; 
greatest  diameter  7  mm. ;    Spiral  angle  convex,  about  70^. 

Marlstone  Rock,  Tilton  (East  Norton  embankment). 

Pletjbotohabia  (Tubbo)  ganalis,  Miinster,  1848.   Plate  IX.  Fig.  14. 

1848.     Turbo  eanalii^  Miinster,  Goldfoss,  Fetref.  Germ.  vol.  iii.  p.  96,  pi.  193, 

figs.  12a,  b, 
Syn.  1878.    Pleurotomaria  helicinoides,  Boem.  sp.  Tate,  non  Boemer,  **  The  York- 

Bhire  Lias,"  p.  338,  pi  x.  figs.  7a,  7b. 

Whilst  possessing  the  same  general  form  of  PL  helicinoides,  as 
above  described,  this  shell  presents  rounded  instead  of  angular 
contours,  is  far  from  smooth,  and  differs  in  its  proportions  as  well 
as  in  its  ornamentation.  In  PL  canalis  the  keel  bearing  the  sinus- 
band  is  situated  posteriorly  rather  than  anteriorly  to  the  middle  line, 
1  •*  The  Yorkshire  lias/*  by  Tate  &  Blake,  p.  338,  pi.  z.  &.  7,  7«. 
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and  18  less  angular,  and  the  sinus-band  is  bounded  by  two  much 
more  closely  set  lines  than  in  PL  helicinoides.  There  is  indeed  a 
similar  broad  yertioal  and  nearly  smooth  area  below  (anterior  to) 
the  sinuB-band ;  but,  excepting  this,  the  whole  shell  from  the  apex  of 
the  spire  to  the  centre  of  the  base  is  covered  with  regular  and 
prominent  rounded  spiral  lines ;  two  of  these  spirals  situated  in  the 
middle  of  the  sloping  posterior  portion  of  the  whorls  are  more  raised 
than  the  rest,  and  make  the  whorls  appear  more  convex;  the 
l»eriphery  of  the  last  whorl  also  is  rounded.  Very  slender  curved 
radial  lines  may  be  discerned  throughout  the  shell  with  the  aid  of  a 
lens ;  but  these  are  fainter  than  in  PL  heHcinoideSy  and  almost  con- 
cealed by  the  spirals.  The  base  is  slightly  convex ;  a  very  small,  if 
any  umbilicus ;  columella  indistinct,  and  the  aperture  generally  very 
like  that  of  PL  heUeinoidea.  Height  8*5  mm. ;  width,  7  mm. ; 
Spiral  angle  convex,  about  75^. 

Marlstone  Rock,  Tilton  (East  Norton  embankment). 

EXPLANATION  OF  PLATE  IX. 

Fio.  1.  Xortonia  Patroelus,  d*Orb.,  Upper  Lias,  Bail  way  cutting,  East  Norton, 
Kutland.    a.  Front  Tiew ;  b.  back  Wew.    Enlarged  twice. 

„  2.  Ogrithiwn  ^Ctrithintlia  ?)  cot^usum,  Tate,  Marlstone  Bock,  Tilton  (East 
Norton  Embankment).  Enlarged  one  and  a  half  times,  a.  Whorl 
further  magnified. 

„  3.  GprtMiwm/vrrMim,  Tate,  Marlstone  Bock,  Tilton.  a.  Front  Tiew;  3.  back 
yiew.    Enlarged  one  and  a  half  times,     c.  Whorl  further  ma^fied. 

„  4.  Cerithium  eotttUatum  ?  DesL,  Marlstone  Bock,  Tilton  (East  >iorton  em- 
bankment).   Enlarged  one  and  a  half  times,    a.  Whorl  further  magnified. 

„  5.  Cerithium  Iltnirut&renaitf  Moore,  Marlstone  Bock  Tilton  (East  Norton 
Embankment).  «.  Front  Tiew ;  b.  back  Tiew.  Enlarged  one  a  half 
times ;  c.  Whorl  farther  magnified. 

„  6.  Fteudomelania  JBrannovietuis,  Dumort.,  Marlstone  Bock,  Tilton  (East 
Norton  embankment).     Front  view.    Enlarged  one  and  a  half  times. 

„      7.  Ibid,    From  another  specimen.     Back  view,  similarly  enlarged. 

„  8.  F^eudomeUtnia  turbinata,  Stol.,  Marlstone  Bock,  Tilton  (East  Norton  Em- 
bankment).    Front  view.    Enlarged  one  and  a  half  times. 

„      9.  Ibid,    From  another  specimen.     Back  view,  similarly  enlarged. 

„  10.  Tt<r6o  rff^t/Srra,  Moore,  Marlstone  Rock,  Tilton  (East  Norton  Embankment. 
a.  Front  Tiew ;  b.  back  view.     Enlarged  twice. 

„  11.  Ibid.  Base,  from  another  specimen,  with  an  exceptionally  large  umbilicus. 
Similarly  enlarged. 

,,  12.  Troehut  rottUut,  StoL,  Marlstone  Bock,  Tilton  (East  Norton  Embankment). 
a.  Front  yiew;  b,  back  Tiew.  Enlarged  twice,  e.  Whorl  further  en- 
larged. 

,,  13.  Pleurotomaria  htlieinoidety  Boemer,  Marlstone  Bock,  Tilton  (East  Norton 
Embankment),    a.  Front  Tiew ;  b,  back  view.    Enlarged  four  times. 

„  14.  Fkuroiomaria  eanalitf  Miinster,  Marlstone  Bock,  Tilton  (East  Norton 
Embankment).    Enlarged  three  times. 

{To  be  eontintted.) 

in. — Was  thsbb  an  Arctic  Ocean  in  the  Mammoth  Period? 

By  H.  H.  HowoBTH,  Esq.,  M.P.,  etc.,  etc. 

THE  oonvergenoe  of  opinion  is  now  so  strong  that  the  climate  of 
Siberia  in  the  Mammoth  age  was  sufficiently  temperate  to 
enable  trees  to  grow  where  only  the  bare  tundra  is  at  present  found 
(if  it  does  not  necessitate  our  extending  the  forest  zone  at  least  as 
far  north  as  the  Liachof  Islands),  that  it  becomes  at  once  interesting 
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and  important  to  oonrider  nnder  what  conditiona  anoh  a  result 
would  be  forthcoming. 

The  fauna  of  the  polar  lands  is  so  uniform  in  all  longitudes  that 
they  constitute  one  of  the  best-defined  zoological  pxovinoes;  a 
province  to  which  the  name  Circumpolar  or  Panarotio  has  been 
given.  So  far  as  our  evidence  goes,  the  solidarity  and  identity  of 
forms  which  now  mark  the  circumpolar  lands  waa  shared  in  the 
Mammoth  age  by  a  considerable  zone  south  of  this  area,  a  zone  now 
constituting  the  greater  part  of  the  Palsearctic  and  Nearctic  provinces 
of  Mr.  Sclater.  If  we  are  to  judge  by  the  remains  which  we  can 
examine  of  the  Mammoth  and  its  contemporaries  the  Musk  Sheep^ 
the  Bison,  the  Horse,  the  Elk»  the  Bed  Deer,  the  Reindeer,  etc.,  eta, 
from  the  Old  and  the  New  World,  there  were  not  in  the  Mammoth 
age  the  distinctions  which  now  mark  off  the  mammals  of  North 
America  from  those  of  Northern  Asia,  and  the  panarctic  and  nearctic 
regions  were  then  condensed  into  a  fairly  homogeneous  zoological 
province. 

This  means  of  course  that  there  must  have  existed  in  the  Mam- 
moth age  a  bridge  over  which  the  mammals  at  least  could  travel 
between  the  Old  and  the  New  World  and  tfice  versd.  Such  a  bridge 
would  enable  the  animals  to  intermingle,  and  prevent  isolation,  which 
is  the  recognized  causa  cauaans  of  divergence  of  forms.  If  this  be 
granted,  and  I  cannot  see  how  it  can  be  contested,  we  have  next  to 
discover  where  this  bridge  was  situated.  In  my  work  on  the  Mam- 
moth I  have  followed  in  the  footsteps  of  Mr.  A.  Murray,  and  en- 
larged his  reasons  for  believing  that  it  is  quite  impossible  to  suppose 
that  this  intermigration  took  place  across  the  ice  of  Bering's  Straits. 
In  addition  to  the  argumenta  there  adduced,  I  would  remark  that  if 
Bering's  Straits  were  frozen  over,  it  could  only  be  under  climatic 
conditions,  when  the  Mammoth  and  its  companions  would  find  it 
impossible  to  exist  on  the  land  on  either  side  of  that  water-way; 
and  if  we  postulate  (as  the  facts  compel  us  to  do). a  comparatively 
mild  winter  climate  in  the  Tchukcbi  peninsula  and  Alaska  when 
the  Mammoth  lived,  then  we  cannot  also  postulate  that  Bering's 
Straits  were  at  the  same  time  closed  by  thick  ice  such  as  would 
alone  afford  a  highway  for  the  animals  to  travel  over.  The  notion 
that  the  intermigration  took  place  over  the  ice  of  Bering's  Straits  is 
in  fact  an  immature  and  very  superficial  one. 

Putting  aside  a  highway  of  ice  across  Bering's  Straits,  we  are 
bound  to  postulate  a  land  communication  between  Asia  and  America 
at  this  period,  and  the  question  is,  where  this  bridge  was  planted. 

It  is  quite  clear  that,  wherever  placed,  it  must  have  connected  the 
Mammoth  area  on  the  one  continent  with  the  Mammoth  area  on  the 
other,  and  since,  the  Mammoth,  so  far  as  we  know,  did  not  live  in 
Japan,  but  was  there  replaced  by  another  species  of  Elephant,  this 
communication  must  have  been  north  of  Japan.  Inasmuch  as  neither 
the  Ticborhine  Rhinoceros,  nor  the  Hyssna,  nor  the  Great  Ox  {Bos 
primigenitis),  whose  remains  are  all  found  along  the  latitude  of 
Central  Siberia  (the  Rhinoceros  occurring  as  far  north  as  the  river 
Wilui),  have  ever  been  found  in  America,  and,  so  far  as  we  know, 
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they  never  reached  that  continent,  it  is  ^rima  facie  almost  certain 
that  the  oonneotion  required  must  be  found  further  north  than  these 
latitudes ;  and  this  is  confirmed  when  we  compare  the  living  mam- 
mals and  birds  of  Japan  with  those  of  America. 

This  makes  it  probable  that  the  required  bridge  was  in  fact 
situated  at  a  high  latitude,  where  we  must  suppose  that  the  con- 
ditions, although  compatible  with  forest  growth  and  consistent 
with  the  Mammoth,  the  Elk,  the  Red  Deer,  and  other  forest- 
frequenting  animals  finding  food,  etc.,  were  too  severe  for  the 
Rhinoceros,  the  Hysena,  and  the  Great  Ox  to  find  congenial  quarters. 
That  it  was  situated  here  is  further  proved  by  the  very  close  re- 
semblance, if  not  identity,  of  the  living  Rocky  Mountain  Sheep  with 
that  of  Eamschatka. 

Turning  to  another  class  of  evidence.  I  have  elsewhere  adduced 
arguments  to  show  that  the  mammal  remains  found  in  the  New 
Siberian  Islands  and  in  the  Bear  Islands  (the  former  250  miles  away 
from  the  Siberian  mainland)  are  the  remains  of  animals  which 
actually  lived  where  these  remains  occur.  These  islands  and  the 
opposite  coast  are  at  this  moment  rising  from  the  sea,  and  laying 
bare  new  sand  banks  containing  heaps  of  Mammoth  and  other  bones, 
which  are  so  fresh  and  sharp  and  un weathered,  that  it  is  clear  they 
have  been  lying  where  the  animals  died.  All  this  makes  it  exceed- 
ingly probable,  if  not  certain,  that  when  the  Mammoth  lived  the 
Siberian  Islands,  the  Bear  Islands,  and  probably  also  the  small 
islands  discovered  in  the  Jeannette  Expedition,  on  which  semi-fossil 
bones  were  found,  formed  part  of  the  mainland,  and  that  the  more 
or  less  temperate  conditions  which  I  have  postulated  of  Northern 
Siberia  then  extended  at  least  as  far  as  these  islands. 

This  is  very  interesting,  because,  if  we  postulate  so  much,  we 
have  no  difficulty  in  going  further.  The  deepest  soundings  found 
by  Nordenski5ld  and  other  explorers  between  the  Siberian  Islands 
and  the  mainland  are  about  22  or  23  fathoms.  This,  again,  is  the 
greatest  depth  which  has  been  sounded  in  the  northern  part  of 
Bering's  Straits  between  America  and  Asia ;  so  that,  if  the  movement 
of  elevation  which  united  the  New  Siberian  Islands  to  the  mainland 
was  as  general  and  widespread  as  the  present  elevatory  movement 
in  the  Arctic  regions  is,  then  it  follows  that  the  uniting  of  the 
Siberian  Islands  with  the  mainland  was  accompanied  by  the 
bridging  over  of  the  space  between  North-Eastern  Asia  and  Northern 
Alaska ;  thus  forming  an  isthmus  between  the  two  continents.  We 
may  perhaps  go  even  further,  and  say  that,  inasmuch  as  the  present 
elevatory  movement  over  the  whole  Arctic  basin  is  general  and  wide- 
spread (as  I  ventured  to  show  many  years  ago  in  a  paper  read  before 
the  Geographical  Society,  which  was  reprinted  in  the  Arctic  Manual), 
and  inasmuch  also  as  the  general  evidence  goes  to  show  that  the 
portion  of  the  Arctic  basin  east  of  Nova  Zembla  is  shallow,  it  follows 
as  very  probable  that  a  large  portion  of  what  is  now  occupied  by 
that  sea  was  in  the  Mammo^  age  dry  land,  and  not  only  dry  land, 
bat  land  npon  which  trees  would  grow,  and  therefore  within  the 
climatic  zone  marked  by  forests. 
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This  oonolusioD  is  larg^ely  supported  by  the  fact  that  Haclure  and 
other  Arctic  explorers  actufdly  found  remains  of  some  fooailized  trees 
of  species  still  living  in  North  America  in  some  of  the  islands  of 
the  Arctic  Sea  east  of  the  River  Mackenzie.  These  trees  were 
rooted  in  the  ground  and  in  situ,  and  grew  therefore  veiy  far  to  the 
north  of  the  present  range  of  trees  in  the  New  World. 

The  reasoning  I  have  ventured  to  adduce  is  based  upon  empirical 
evidence.  If,  as  it  seems  to  me,  it  is  well  fouuded,  then  it  follows 
that  the  circulation  of  ocean  currents  in  the  Northern  Hemisphere 
must  have  been  entirely  different  from  what  it  is  now,  since  there 
was  a  barrier  preventing  the  outgoing  Arctic  current  fi!t>m  passing 
through  Bering's  Straits.  Such  a  change  must  have  materially 
altered  the  climate. 

Secondly,  the  climate  must  have  been  very  laigely  modified  over 
the  whole  of  Northern  Asia  in  another  and  more  direct  way ;  for  the 
north  winds  which  are  now  so  keen  and  killing,  since  they  come 
straight  from  the  great  northern  reservoir  of  ice  which  is  never  at 
a  higher  temperature  than  82^,  would  then  come  from  a  land  of  grass 
and  trees,  and  be  correspondingly  softened.  This  would  have  a  very 
great  effect  upon  the  Siberian  climate  in  the  direction  of  making  it 
consistent  with  the  Mammoth,  the  Horse,  and  the  Bison  finding  food 
and  shelter  in  the  area  between  Alaska  and  Northern  Asia.  Pro 
ianto  this  is  a  solution  of  the  question  of  how  to  account  for  a  mild 
climate  in  these  high  latitudes.  It  does  not-,  however,  exhaust  the 
problem,  and  other  causes  remain,  which  perhaps  you  will  let  me 
discuss  on  another  occasion. 


lY. — On  some  Modes  of  Formation  of  Goal-Seams. 
By  J.  G.  GooDCHiLD,  F.G.S.,  H.M.  GeoL  Survey. 

(Based  upon  a  paper  read  before  the  Koyal  Physical  Society,  Edinburgh,  on  the 

17th  April,  1889.) 

THE  commonly-received  theory  that  most  coal-seams  represent 
vegetable  matter  that  has  grown  and  has  been  entombed  on 
the  spot  has  never  been  received  by  all  geologists  with  quite  that 
measure  of  satisfaction  that  has  been  accorded  to  other  theories  of 
the  same  general  nature.  It  has  been  felt  again  and  again  that  the 
explanation  referred  to  might  be  true  enough  for  certain  cases ;  but 
that  in  others  it  failed  to  account  satisfactorily  for  all  the  pheno- 
mena. It  involved  too  many  complications — too  nice  an  adjustment 
of  the  rate  of  growth  of  the  vegetation  to  the  rate  of  subsidence  and 
of  sedimentation — too  much  straining  of  the  theory  in  question 
generally — to  be  accepted  unhesitatingly  by  those  accustomed  to 
judge  of  such  facts  for  themselves.  That  certain  beds  of  ooal  have 
been  formed  by  the  growth  of  vegetation  on  the  spot  no  reasonable 
person  can  doubt :  the  only  question  is  whether  that  is  true  of  every 
ooal-seam.  Many  competent  observers  have  thought  it  is  not ;  and 
the  number  of  those  who  are  dissatisfied  with  the  view  set  forth  in 
most  text-books  is  certainly  on  the  increase.  Mr.  W.  S.  Qresley, 
and  several  other  geologists,  have  lately  advanced  good  arguments  in 
favour  of  other  views,  which  many  are  disposed  to  accept  as  correct 
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Perhaps  the  truth  in  this  case,  as  in  many  others,  may  be  that 
similar  results  have  been  attained  in  a  variety  of  ways,  and  that, 
instead  of  there  having  been  but  one  mode  of  formation  of  coal- 
seams,  there  have  probably  been  many. 

We  might  briefly  consider  some  of  these  at  this  point.  The 
formation  of  coal  simply  requires  that  a  certain  quantity  of  pure 
vegetable  matter  should  be  left  at  any  given  spot  under  conditions 
that  insure  its  conversion  before  its  chief  constituents  shall  have 
passed  into  the  inorganic  condition.  These  results  may  be  brought 
about  in  a  variety  of  ways.  Inland,  for  example,  coal  or  its  repre- 
sentative, lignite,  may  be  formed  through  the  burial  of  peat  beneath 
the  alluvium  of  lakes  or  of  rivers.  In  marine  areas  it  may  arise 
through  the  sedimentation  of  inland  peat  whose  constituents  have 
been  re-sorted  and  drifted  out  to  sea.  The  submergence  and  sub- 
sequent burial  of  maritime  beds  of  peat  in  sitii  may,  under  suitable 
conditions,  give  rise  in  another  way  to  beds  of  coal.  The  entomb- 
ment of  masses  of  drift-timber  that  have  floated  seawards  must, 
again,  largely  contribute  to  the  same  result  Marine  vegetation 
must  occasionally  play  an  important  part  in  the  formation  of  deposits 
of  carbonaceous  matter  on  the  sea-bottom.  ^  Then  there  is  the  im- 
portant factor  of  the  growth,  decay,  and  entombment  on  the  spot,  of 
lagoon  vegetation,  originating  in  an  area  where  deltas  are  subsiding 
intermittently,  and  with  minor  oscillations  of  level.  Lastly,  coal 
may  be  formed,  as  an  ordinary  sedimentary  deposit,  by  the  slow 
accumulation,  in  quiet  water,  of  deciduous,  or  other,  vegetable 
matter,  floated  seawards  from  riparian  forests.  Each  of  these  modes 
of  formation  of  coal  must  have  played  important  parts  in  the  forma- 
tion of  coal-seams,  at  every  period  of  the  earth's  history,  from  the 
dawn  of  vegetation  down  to  the  present  day.  The  exclusive  advocacy 
of  any  one  mode  is  therefore  as  illogical  as  it  is  unnecessary.  It 
seems  to  me  that  the  last  mode  referred  to  has  not  received  quite  as 
much  consideration  as  its  importance  deserves,  and  I  propose  there- 
fore, while  attaching  equal  importance  to  the  other  modes,  which 
are  already  well  understood,  to  consider  this  particular  one  in  some 
little  detail.  Before  proceeding  to  do  so  it  may  be  as  well  to  review 
some  of  the  facts  connected  with  the  mode  of  occurrence  of  coal- 
seams  in  general,  with  a  view  of  arriving  at  a  clearer  idea  of  their 
various  histories. 

It  is  now  admitted  on  all  hands  that  the  principal  constituents  of 
nearly  every  coal-seam  represent  so  much  carbon  that  has  at  one 
time  existed  in  the  form  of  carbonic  acid  in  the  atmosphere,  whence 
it  has  been  extracted  by  the  vital  forces  of  growing  vegetation. 
Subsequent  pressure  accompanied  by  certain  chemical  changes,  well 
understood,  have  converted  this  fixed  carbon  into  coal.  The  precise 
nature  of  the  vegetable  matter  forming  the  coal  varies  within  wide 
limits,  not  only  on  account  of  the  varied  ages,  or  the  geographical 
position,  of  the  seams  themselves ;  but  even  within  the  coal-seams 
belonging  to  any  one  geological  period  and  situated  at  the  same  part 
of  the  earth's  surface.    There  is,  further,  much  diversity  in  the 
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proportion  that  the  different  parts  of  the  plants  bear  to  each  other 
in  different  seams.  As  a  rule,  tree  trunks  form  but  a  small  part  of 
any  coal-seam ;  and  in  the  rare  cases  where  they  do  so  occur,  they 
are  not  found  in  the  position  Qf  growth,  or  extending  upwards 
through  the  seam,  but  are  prostrate,  and  lie  parallel  to  the  bounding 
surface  of  the  coal.  The  coarser  portions  of  the  organic  constituents 
of  coals  present  a  mixture,  in  variable  proportions,  of  the  more  solid 
parts  of  the  vegetation  in  a  fragmentary  state,  together  with  portions 
of  the  cellular  and  the  vascular  tissues  of  the  plants.  Even  such 
constituents  as  these  are  commonly  in  the  minority.  Fronds,  leaves, 
and  small  stems  occur  rather  more  plentifully.  But  the  greater 
part  of  the  recognizable  organic  constituents  of  moat  coal-seams 
consist  of  a  varied  assortment  of  finely-divided  vegetable  tissue, 
together  with  spores,  spore-cases,  and  bodies  of  that  general  nature. 
Some  parts  of  nearly  every  coal-seam  commonly  fail  to  show  any 
definite  structure  at  all.  The  relative  proportions  of  these  varied 
constituents  differ  considerably  in  different  coals ;  but  the  peculiar 
constitution  of  each  coal-seam  as  a  whole  remains  tolerably  uniform 
over  large  areas.  Not  only  do  the  constituents  of  each  coal-seam 
as  a  whole  differ  from  those  of  the  seams  associated  with  it,  but  the 
component  layers  of  each  seam  differ  amongst  themselves.  Every 
coal-seam  is  seen,  on  a  very  cursory  examination,  to  be  simply  an 
aggregate  of  carbonaceous  laminsd,  which  are  ordinarily  thin,  and 
are  occasionally  of  almost  microscopic  proportions.  A  close  examin- 
ation of  these  laminse  shows  that  they  differ  each  from  the  other  to 
a  much  greater  extent  than  a  cursory  examination  would  lead  one  to 
suppose.  More  than  that.  The  structural  characters  of  each  of  the 
lamina,  whatever  its  thickness,  remain  constant  to  such  an  extent  as 
to  enable  one  to  identify  that  particular  lamina  over  a  large  area. 
Practical  coal-miners  are  well  aware  of  this  fact,  although  they  may 
not  always  be  able  to  point  to  the  precise  nature  of  the  distinction 
in  each  case.  One  lamina  may  contain  nothing  but  spores  and 
spore-cases  ;  a  second  next  it,  above  or  below,  may  consist  of  leafy 
matter  alone ;  a  third  may  be  characterized  by  the  constant  presence 
of  mineral  charcoal,  representing  the  veiscular  tissues  of  the  old 
vegetation  ;  a  fourth  may  be  devoid  of  any  evident  traces  of  organic 
structure;  or  another  lamina  of  the  same  coal-seam  may  contain, 
along  with  its  organic  constituents,  a  variable  amount  of  impurities 
of  organic  origin.  And  yet,  however,  the  several  laminae  may  differ 
among  themselves,  they  are  found  to  retain  their  own  special  charac- 
teristics throughout  the  whole  of  a  large  coal-field.  Even  where  the 
coal  happens  to  be  changeable,  as  it  often  is  near  old  irregularities 
of  the  floor  upon  which  it  lies,  the  rate  of  change  is  far  from  being 
rapid,  except,  of  course,  where  the  coal  is  splitting  up  through 
interlaminations  or  partings  of  inorganic  matter. 

Some  coal-seams  pass  into  shales,  by  a  progressive  increase  in 
argillaceous  impurities;  but  they  rarely,  perhaps  almost  never, 
graduate  into  sandstones;  although  some  irregular  and  lenticular 
deposits,  which  clearly  represent  drifted  vegetation,  may  often  do  so. 
Coal  not  uncommonly  graduates  into  carbonaceous  clay  ironstone. 
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In  rarer  cases  still  the  change  can  be  traced  through  this  last  into 
impare  limestone.     Of  this  more  presently. 

Sedimentary  formations  of  nearly  every  geological  period  contain 
coal-seams  in  one  part  of  the  earth's  surface  or  another ;  and  under 
every  variety  of  geological  or  of  geographical  circumstances  they 
present  much  the  same  features ;  and — allowance  being  made  for  the 
changes  the  containing  rock  may  have  undergone — their  composition 
also  is  in  nearly  all  cases  practically  constant.  It  would  seem, 
therefore,  that  the  formation  of  coal  does  not  require  any  very 
exceptional  conditions,  such  as  an  excess  of  carbonic  acid  in  the 
atmosphere,  or  other  abnormalities. 

There  is  often  a  curious  (and  significant)  relation  between  the 
nature  of  the  rocks  associated  with  coal  and  that  of  the  vegetable 
matter  entombed  therein.  In  the  Carboniferous  series  proper  the 
sedimentary  strata  associated  with  the  coals  are  usually  shales; 
fireclays,  and  beds  of  sandstone  of  various  degrees  of  coarseness 
also  occar.  In  certain  areas  limestones  and  calcareo-siliceous  beds 
(''cherts")  are  also  found.  Vegetable  remains  commonly  occur 
dispersed  throughout  all  of  these,  though  the  proportion  varies 
much  with  the  nature  of  the  rock.  It  is  in  the  coarse,  drifted, 
material  forming  the  sandstones,  that  tree  trunks,  if  they  occur  at 
all,  are  most  commonly  found.  And  it  is  here  that  they  are  so  often 
found  embedded  stem  upward  and  lOOt  downward,  reminding  one  so 
forcibly  of  the  "  snags  "  that  an  common  in  the  sandy  deposits  of 
tropical  rivers.  (It  should  be  noted,  in  passing,  that  the  centre  of 
gravity  of  most  of  the  trees  of  the  Carboniferous  period  must  have 
lain  close  above  the  roots;  so  that  in  floating,  they  must  have 
travelled  root  downwards,  and  as  the  decay  of  the  soft  interior 
proceeded,  they  must  have  tended  invariably  to  sink  to  the  bottom 
in  nearly  the  position  of  growth.)  The  shales  associated  vnth  coals 
rarely  contain  trees  (I  have  not  come  across  any  proof  that  they  ever 
do  so)  ;  bat  fronds  and  leaves  occur  in  plenty,  and,  more  rarely, 
stems  and  small  boughs  may  occur  as  well.  The  fireclays  (which 
are  commonly  regarded  as  old  soils  that  have  been  exhausted  of  their 
alkalies  and  iron  by  the  growth  thereon  of  vegetation)  often,  but  by 
no  means  invariably,  contain  roots — the  well-known  Stigmaria — in 
addition  to  the  vegetable  constituents  found  in  the  shales.  Some 
sandstones  show  these  Stigmaria  roots  as  well,  whether  the  rock  is 
directly  associated  with  coal  or  not  If  limestones  occur  with  the 
coals,  these  rarely  contain  traces  of  coal,  except  as  lenticular  masses, 
which  are  clearly  due  to  the  entombment  of  vegetable  matter  that 
has  been  drifted.  A  fine  and  well-known  example  of  this  kind  is 
seen  in  the  Mountain  Limestone  of  Ingleton  in  North  Yorkshire. 

A  careful  consideration  of  these  facts  relating  to  coal  will  make  it 
clear  that,  whatever  be  its  precise  mode  of  origin  in  any  given  case, 
coal  presents  all  the  characters  of  a  stratified  deposit.  It  resembles 
most  closely,  in  many  of  its  characters,  those  strata  that  have  slowly 
and  quietly  accumulated  in  nearly-still  water.  The  resemblance  to 
a  stratified  deposit  is  certainly  not  delusive  and  to  be  attributed  to 
the  e£fect  of  subsequent  compression,  because,  as  we  have  seen,  the 
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oomponent  laminn  luive  eacb  strnotaral  diaraotora  of  their  owd» 
marking  them  off  from  those  aboye  and  below,  and  remaining  oon- 
stant  over  wide  areas. 

Much  stress  has  been  laid  upon  the  intimate  association  that  is 
said  to  exist  between  seams  of  ooal  and  beds  of  fireclay.  But  every 
practical  mining  engineer  must  be  well  aware  of  the  feust  that  the 
two  kinds  of  rock  are  by  no  means  universally  associated,  lliick 
beds  of  fireclay  occur  in  the  Argill  Coal-field  near  Kirkby  Stephen, 
Westmorland,^  without  a  trace  of  coal  near.  One  such  bed  is  Uiirty 
feet  in  thickness.  On  the  other  hand,  in  certain  rich  coal-fields 
such  a  rock  as  fireclay  (or  as  gannister)  is  conspicuous  by  its 
absence. 

Having  glanced  at  an  outline  of  the  facts,  we  may  pass  on  to 
consider  one  of  the  various  modes  of  formation  of  coal — the  others 
referred  to  are  so  obvious  that  no  one  can  well  have  any  doubt  as  to 
their  validity  in  the  present  connection.  As  an  illustration  of  what 
takes  place,  we  may  consider  the  sequence  of  events  that  must  obtain 
in  the  case  of  any  large  river  that  is  carrying  seawards  the  spoils  of 
a  riparian  forest  region.  Such  a  river  transports  vast  quantities  of 
inorganic  materials ;  as  well  as  more  or  less  floating  animal  matter, 
which  is  partly  terrestrial,  partly  fluviatile,  partly  estuarine ;  there 
is,  in  addition,  variable  quantities  of  vegetable  matter  of  all  kinds — 
big  tree  trunks,  boughs,  stems,  leaves,  fronds,  spores  and  spore- 
cases,  and  all  the  miscellaneous  deciduous  vegetable  matter  that 
may  be  derived  from  every  part  of  the  forest  region  above.  The 
river  does  not  transport  its  heterogeneous  burden  at  a  unifonn  rate 
of  motion,  nor  does  it  drop  it  all  at  the  same  place.  Far  from  that 
The  coarser  mineral  sediment  drifts  seawards  along  the  bottom  for 
a  time,  but  finally  comes  to  rest  at  no  great  distance  from  the  land. 
Some  of  the  tree  trunks  that  have  travelled  so  far  as  to  become 
water-logged  at  this  point  sink  here;  and,  obeying  the  laws  of 
gravity,  they  sink  with  their  heavier  ends  downward  and  are 
eventually  buried  root  downward  in  the  coarse  sediment.  Most  of 
the  animal  matter,  which  decomposes  quickly,  also  sfnks  near,  and 
may  be  buried  along  with  the  trees.  The  finer  inorganic  matter 
drifts  in  suspension  farther  out  to  sea,  where  it  subsides  in  crescentio 
zones  on  the  seaward  side  of  the  coarser  material,  and  entombs  such 
of  the  vegetable  matter  as  may  have  become  water-logged  at  that 
part.  Farther  out  to  sea,  or  where  the  submarine  currents  have  lost 
most  of  their  transporting  power,  the  finest  sediment,  after  rolling 
about  in  clouds  for  a  time,  gradually  subsides  to  the  bottom,  and 
there  entombs  also  such  of  the  vegetable  matter  whose  constitution 
has  enabled  it  to  travel  so  far.  Seaward  of  the  zone  where  this 
happens  quiet  and  still  water  prevails  on  the  sea-bed.  Here  the 
littoral  forms  of  marine  life  do  not  commonly  reach  ;  and  here  also, 
it  is  commonly  assumed  that  little  or  no  organic  matter  transported 
from  the  land  ever  reaches.  Most  of  the  animal  remains  that  may 
have  floated  down   the  river   have  probably  all   sunk,  and  been 
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entombed  in  tbe  sonee  nearer  the  land ;  but  with  vegetable  matter 
the  oaae  is  different  Vegetable  matter  has  a  low  speoifio  gravity, 
and  its  ordinary  tendency  is  to  float  It  is  only  under  certain 
oonditions,  and  after  long  maoeration,  that  it  sinks  at  all ;  and  even 
in  that  oase  such  of  it  as  is  in  a  fine  state  of  division  is  especially 
long  in  reaching  the  sea-bed,  even  where  the  bottom  is  quiet  and 
comparatively  shallow.  In  the  case  we  are  supposed  to  be  reviewing 
some  of  the  vegetable  matter  that  enters  the  river  near  its  source 
becomes  so  far  water-logged  by  the  time  the  estuary  is  reached  as  to 
subside  to  the  bottom  just  outside  the  zone  where  the  sea-bottom  is 
affected  by  the  stronger  submarine  currents.  Much  more  of  the 
vegetable  matter  remains  suspended  long  enough  to  be  transported 
to  a  zone  on  the  seaward  side  of  the  last  referred  to.  But  most  of 
what  has  been  here  referred  to  as  the  deciduous  parts  of  the 
vegetation,  the  leaves,  fronds,  the  resinous  spores  and  the  spore- 
cases,  together  with  the  half-decayed  parts  of  the  cellular  and 
vascular  tissues  of  tbe  plants  themselves,  remain  in  suspension  so 
long,  and  subside  to  the  bottom  so  gradually,  that  by  the  time  they 
have  finally  settled,  the  submarine  currents  have  transported  them 
seawards  to  a  zone  well  outside  that  attained  by  any  but  the  very 
finest  sediment 

There  must,  therefore,  be  a  constant  sorting  out  of  the  varied 
material  brought  down  by  the  river,  and  it  must  be  that  which 
remains  longest  in  suspension  that  is  transported  farthest  from  the 
land.  In  this  way  accumulations  of  vegetable  matter,  pure,  and 
unmixed  with  mineral  sediment,  must  be  slowly  and  quietly 
gathering  off  the  mouths  of  most  of  the  rivers  that  traverse 
regions  abounding  in  vegetation. 

It  is  important  to  remember  that  all  the  while  the  physical  con- 
ditions of  land  and  sea  remained  unchanged,  the  deeper  water 
deposits,  at  all  events,  would  continue  to  be  laid  down  uniformly ; 
so  that,  if  no  disturbance  of  the  relative  levels  of  land  and  sea 
occurred,  there  would  practically  be  no  limit  to  the  quantity  of 
vegetable  matter  that  might  thus  accumulate  in  the  course  of  time. 

There  is  another  point  to  be  noticed  in  more  detail.  The  rate  at 
which  any  given  vegetable  organism  will  sink  depends  upon  several 
conditions.  Its  specific  gravity  is  one  of  the  most  important ;  then 
follows  the  time  it  has  been  exposed  to  maceration ;  the  velocity 
of  the  currents  affecting  it  must  affect  the  results  materially ;  and 
even  the  form  of  the  vegetable  body  itself  must  be  taken  into  account 
as  a  factor.  But  the  most  important  factor  of  all  is  the  power  of 
resistance  the  body  presents  to  the  forces  that  are  tending  to  reduce 
it  to  the  inorganic  condition.  If  it  rots  quickly  when  exposed  to 
maoeration,  it  will  become  water-logged  after  only  a  short  journey, 
and  may  reach  the  bottom  within  the  zone  of  deposition  of  even  the 
coarser  sediment  But  if  it  be  of  a  nature  to  resist  the  effects  of 
maoeration  for  long  periods  (as  the  resinous  spores,  etc.,  most 
certainly  are),  then  it  will  be  longer  in  becoming  fully  saturated 
with  water,  and  may  drift  in  suspension  many  miles  to  the  seaward 
of  the  point  where  its  original  fellow-travellers  oame  to  the  ground. 
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One  oan  readily  imagine  to  what  dififerent  diatanoes  the  leaf  of  aa 
oak  and  one  of  some  tender  annual  would  travel  if  they  started  to- 
gether in  the  same  current.  And  the  dififerenoe  thus  exemplified 
was  probably  often  as  marked  in  the  case  of  the  vegetation  forming 
ooal. 

In  oonsequenoe  of  this  relative  power  of  resistance  to  maoeration« 
a  further  soiling  out  of  the  dififerent  vegetable  bodies  from  each 
other  must  be  in  progress.  Leaves  of  one  kind  subside  within  one 
zone,  those  of  another  kind  within  a  second ;  spores,  being  resinous, 
must  resist  maceration  longer,  and  therefore  reach  the  sea-bottom 
at  a  zone  more  distant  still ;  and  so  on,  each  kind  tending  to  be 
sorted  out  into  zones  by  themselves. 

With  any  disturbance  of  level  the  absolute  position  of  any  one  of 
these  zones  must  change ;  but  their  relative  order  must,  if  other 
conditions  remain  constant,  be  the  same  as  before.  With  a  slight 
upward  movement,  or  with  a  shallowing  of  the  water  of  the  estuary, 
due  to  the  seaward  advance  of  banks  of  sediment,  shore  conditions 
advance  seaward,  and  clay,  or  even  coarser  material,  may  be  spread 
over  the  zone  where  under  former  conditions  only  vegetable  matter 
was  left  Such  a  process  might  continue  until  the  whole  of  the 
depth  between  the  sea-level  and  that  of  the  old  submarine  peat  had 
been  silted  up  and  converted  into  dry  land.  Soils  might  thus  be 
formed,  and  lagoon  vegetation  start  into  existence,  not  far  above  the 
old  submarine  deposits  of  carbonaceous  matter.  With  a  slight 
depression  thalassic  conditions  advance  towards  the  former  ooast-line, 
and  limestone  might  be  built  up  where  just  before  coal  had  been 
formed.  In  this  case  it  is  important  to  remember  that  the  formation 
of  the  coal  would  still  go  on,  only  that  the  outer  zone  where  this 
happens  would  be  situated  on  the  landward  side  of  the  limestone 
zone.  The  two,  however  (the  coal  and  the  limestone),  must  be  con- 
temporaneous, even  though  they  are  not  deposited  in  exactly  the 
same  area. 

The  amorphous  parts  of  coal,  and,  indeed,  much  of  its  present 
character,  owe  their  peculiarities  to  the  fact  that  there  is  a  constant 
reaction  going  on  in  sea-water  between  the  sulphate  of  lime  in 
solution  and  the  bituminous  matter  carried  down  in  suspension. 
I'he  bituminous  matter  is  acted  upon  by  the  sulphate  of  lime,  and  is 
thereby  partly  dissolved,  and  under  particular  conditions  returns  to 
the  solid  form ;  while  the  decomposing  vegetable  matter,  in  its 
turn,  reacts  upon  the  sulphate  of  lime,  giving  rise  eventually  to  a 
precipitate  of  lime  in  the  foim  of  carbonate.  Where  the  proportion 
of  vegetable  matter  is  in  excess,  beds  of  impure  limestone  result; 
but  where,  as  in  the  case  of  inland  lakes,  an  unusually  large  per- 
centage of  sulphate  of  lime  is  present,  geological  facts  warrant  us  in 
concluding  that  the  whole  of  the  vegetable  matter  is  dissolved. 
Hence  the  marked  (and  otherwise  puzzling)  absence  of  vegetable 
remains  in  Red  Rocks  of  all  kinds.  Hence,  also,  the  presence  of 
bitumen  in  connection  with  saline  lakes.  I  am  inclined  to  believe 
that  the  conversion  of  vegetable  matter  into  coal  is  partly  afifected 
by  the  action  of  the  sulphate  of  lime  in  sea- water.     Where  this  sub* 
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stance  is  only  present  in  small  qaantities,  as  in  fresh- water  lakes, 
the  vegetable  matter  is  left  simply  as  lignite. 

If  we  study  the  details  reoorded  from  borings  in  the  deposits 
Forming  any  great  delta,  we  cannot  fail  to  be  struck  with  the  corre- 
spondence between  these  details  and  those  of  the  case  we  have  been 
considering.  The  beds  of  "  peat "  so  commonly  met  with  generally 
represent,  I  consider,  the  deeper-water  accumulation  of  vegetable 
matter  I  have  so  often  referred  to.  Some,  of  course,  may  be  true 
Boils ;  but  the  majority  are  far  more  likely  to  be  due  to  the  causes 
above  noticed.  If  this  view  be  accepted  as  true  in  the  main,  then 
it  is  obvious  that  we  must  cease  to  regard  these  beds  of  '*  peat "  as 
evidence  of  the  former  presence  of  dry  land  at  a  platform  that  owes 
its  present  position  to  submergence  at  a  later  date.  They  should  be 
regarded  as  simply  an  integral  part  of  the  normal  sedimentary 
deposits  that  had  been  formed  there;  the  peat  representing,  not 
Bhallow  water  nor  subaerial  conditions,  but  simply  deposits  that  had 
been  laid  down  in  the  ordinary  course  in  water  that  was  com- 
paratively deep. 

We  have  but  to  imagine  such  beds  of  the  submarine  "peat*' 
exposed  to  the  necessary  conditions  of  pressure  and  chemical  change, 
and  beds  of  coal  would  be  formed  identical  in  nearly  all  respects 
with  such  as  had  grown,  had  died,  and  had  been  entombed  on  the 
spot. 

y. — Note  on  some  Pebbles  in  the  Basal  Cokqlomebate  of 

THE  Cambrian  at  St.  Davids. 

By  Pbop.  T.  G.  Bonnbt,  D.Sc,  LL.D.,  F.R.8.,  F.G.S. 

MORE  than  one  kind  of  rock,  as  we  learn  from  Dr.  H.  Hicks  and 
other  writers,^  occurs  in  the  conglomerate  which  forms  a  well- 
marked  base  to  the  Cambrian  system  at  St.  Davids.  Sometimes  the 
pebbles  are  mainly  vein  quartz,  sometimes  felstone  predominates,  but 
Dccasionally,  as  in  the  neighbourhood  of  Nun's  Chapel  Bay,  quartz- 
Ites  (using  the  term  rather  generally)  are  not  uncommon.  At  one 
place,  not  far  from  a  quartz-felsite  dyke,  these  are  rather  large, 
occasionally  about  a  foot  in  diameter.  From  this  locality,  while 
spending  a  few  days  at  St.  Davids  in  1882,  I  brought  away  speci- 
mens of  three  of  the  most  marked  varieties  of  quartzite,  of  which  I 
bad  slices  prepared,  thinking  that  as  examples  of  rocks  which  were 
probably  far  from  modern  at  the  beginning  of  the  Cambrian  age, 
their  structures  might  be  instructive.  In  this  I  was  not  disappointed, 
ind  now  that  I  have  had  many  opportunities  of  comparing  them 
with  various  qnartzose  rocks,  both  Palseozoic  and  Archsean,  I  think 
I  brief  description  may  have  some  general  interest. 

The  first,  and  least  remarkable,  was  broken  from  a  rather  angular 
block  about  a  foot  in  its  longest  diameter.  The  rock  is  a  quartzite, 
rather  compact  or  even  vitreous  in  aspect,  nearly  white,  or  of  a  very 
;)ale  pinkish-grey  colour.  Microscopic  examination  shows  it  to  be 
X)mpo8ed   almost  entirely  of  quartz.     This  occiurs  in  grains,  from 

1  Q.J.6.S.  Tol.  xL  p.  567,  id,  (Blake}  p.  294. 
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sabangular  to  rather  rounded  in  form,  which  are  often  about  015" 
to  '02"  in  diameter.  It  is  difficult  to  be  quite  certain  of  the  boundaries 
of  the  original  fragments,  but  secondary  quartz  more  or  less  in 
optical  continuity  with  the  original  grain  hiuB  undoubtedly  been  de- 
posited to  some  extent.  Here  and  there  a  tiny  flake  of  light^colonred 
mica,  or  a  little  opacite  or  ferrite,  may  be  seen,  indicating  no  doubt 
the  residue  of  the  dusty  material  once  present  in  the  original  sand- 
stone. One  or  two  of  the  fragments  exhibit  a  compound  structore. 
Very  minute  fluid  cavities  with  bubbles  are  rather  numerous  in  the 
quartz  grains ;  but  on  these,  and  a  few  tiny  accidental  microliths,  it 
seems  needless  to  dwell. 

The  next  specimen  comes  from  a  block  of  nearly  the  same  size. 
It  is  a  fine-grained  quartzite,  slightly  rougher  in  texture  and  fracture 
than  the  last,  and  of  a  purple-grey  colour.  Examination  with  a 
lens  shows  that,  though  composed  mainly  of  quartz,  a  good  many 
tiny  flakes  of  silvery  mica  are  present.  Microscopic  examination 
shows  that  the  qusrtz  grains,  though  rather  smaller  in  size,  are  very 
commonly  about  *012''  diameter,  and  somewhat  rounded  or  bluntly 
polygonal,  but  slightly  wavy  in  outline.  Occasionally  they  are 
separated  by  a  flake  of  mica :  more  often  a  few  specks  of  opacite  or 
ferrite  indicate  the  position  of  the  original  contact  surface.  Doubt- 
less the  original  grains  have  been  augmented  by  deposit  of  secondary 
quartz ;  but,  even  more  than  in  the  former  oase,  it  is  difficult  to  fix 
the  position  of  the  old  surface.  Still  I  should  infer  that  the  grains 
had  once  been  fairly  regular  in  outline.  Fluid  cavities  appear  to  be 
less  numerous  than  in  the  former  case.  The  mica  is  white  or  a  very 
pale  greeuish  tint;  it  occurs  sometimes  in  isolated  flakes,  but  is  fre- 
quently associated  and  occasionally  almost  forms  '*  nests,"  when  it  is 
usually  mixed  up,  more  or  less,  with  dark  granules,  which  are  prob- 
ably, in  part  at  least,  hematite  and  magnetite.  The  larger  flakes 
are  about  '01"  in  length,  but  the  majority  are  smaller.  The  sections 
are  fairly  rectilinear  in  outline:  the  shorter  ends  not  appearing  either 
ragged  or  ''nipped."  Even  if  originally  fi-agmental,  these  flakes 
must  have  been  subsequently  enlarged,  and  I  suspect  that  they  have 
been  to  a  great  extent,  if  not  wholly,  developed  in  sitti.  Possibly 
some  tiny  crystals  of  zircon  and  rutile  are  present,  with  perhaps  a 
grain  of  epidote ;  but  these  accessories  are  so  unimportant,  that  I 
have  not  cared  to  waste  time  in  attempting  to  determine  them  with 
precision. 

The  next  fragment  is  from  a  fairly  rounded  stone  about  four 
inches  long.  This  quartzite  is  whitish  in  colour,  and  in  structure 
is  fine-grained  and  rather  schistose.  Microscopic  examination 
shows  that  quartz  is  the  principal  mineral.  The  grains  commonly 
present  '  ragged  *  outlines,  and  are  unequal  in  dimensions,  tending 
to  lie  with  their  longer  axes  parallel.  "When  viewed  with  crossing 
Nicols  each  grain  exhibits  a  border  tinted  rather  differently  from 
the  inner  parts.  This  might  be  produced  by  the  overlapping  of 
the  irregular  edges  of  two  contiguous  grains;  but  as  the  tint  in 
some  cases  continues  practically  uniform  all  round  the  grains,  it 
must  result  either  from  a  fairly  regular  thinning  of  the  latter,  or 
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from  a  deposit  of  seoondarj  quartz  which  is  not  in  optical  con- 
tinuity with  that  of  the  original  grain.  The  mica  flakes,  practically 
oolourless,  vary  in  length  up  to  ahout  *006'^  and  often  lie  between 
this  and  *004'^  they  tend  to  lie  parallel  one  to  another,  and  exhibit 
bright  tints  with  crossed  Nicols.  The  slide  contains  two  or  three 
grains  of  brown  tourmaline,  some  microlites  of  zircon  and  rutile 
(probably),  some  tiny  flakes  of  iron-glance,  and  some  opacite  or 
ferrite. 

It  seems  reasonable  to  suppose  that  all  these  rocks  were  originally 
olastio,  consisting  of  moderately  worn  fragments  of  quartz,  which 
must  have  been  derived  from  some  more  ancient  and  probably 
granitoid  rock,  with  a  variable  amount  (in  one  case  extremely  little) 
of  mud,  which  has  subsequently  been  converted  into  white  mica  and 
secondary  quartz. 

My  collection  contains  a  fair  number  of  slides  representing 
quartzites  of  Palaeozoic  or  presumably  Paledozoic  age,  from  various 
localities  in  Britain^  and  from  a  few  other  quarters.  These,  however, 
dififer  slightly  from  the  flrst-named  specimen,  and  considerably  from 
the  others :  the  alteration  of  the  constituents,  especially  in  regard  to 
the  more  earthy,  being  less  complete.  But  the  second  specimen 
bears  in  some  respects  a  close  resemblance  to  certain  quartzites 
which  I  obtained  from  the  Huronian  Series  near  Sudbury  in  Canada.' 
In  these  we  And  mioa  flakes,  if  not  developed,  at  any  rate  completed 
in  eitik.  True,  in  most  of  these  specimens  the  mica  is  brown,  but 
white  mioa  may  also  be  found,  especially  in  one  whitish  quartzite 
which  much  resembles  this  rock  from  St  Davids.  Again,  the  third 
fragment  from  that  locality  is  different  from  any  specimen  of 
Palsaozoio  quartzite  which  I  have  ever  examined,  and  closely 
resembles  the  schistose  quartzites  or  quartz-schists  which  I  have 
found  associated  with  the  more  fine-grained  mica-schists  and  chlorite- 
schists  in  the  Alps  and  elsewhere.  It  almost  exactly  resembles  one 
described  by  me'  from  above  Windisch-Matrei  (Tyrol),  except  that  the 
last-named  is  slightly  coarser  in  texture  and  a  little  more  definitely 
foliated.  Both  the  second  and  third  specimens  from  St  Davids 
present  some  resemblance  to  a  quartzite  *  which,  at  Pen-y-Parc,  near 
Maumaris  (Anglesey)  occurs  in  association  with  one  of  the  greenish- 
grey  micaceous  schists,  which  are  so  abundant  in  that  island. 

llie  quartz  grains  in  the  more  highly-altered  quartzose  rocks  of 
dastio  origin  exhibit  under  the  microscope  (as  no  doubt  has  often 
been  remarked)  a  fairly  distinct  peculiarity  of  aspect  The  edges 
of  the  individual  grains  appear,  as  it  were,  fused  together.  The 
line  of  junction  ia  often  slightly   wavy,   irregular,  almost  inter- 

1  t.p.  N.W.  Scotland,  HartBhill,  lickey,  Wrekin,  Stiper  Stones,  N.  Wales, 
ChexiK>nig,  the  Aidennes,  pebbles  from  Carboniferous  and  Triassic  rocks,  etc. 

s  DeKnbed  in  Q.J.O.S.  toI.  xli?.  p.  32. 

*  Q.J.O.S.  Tol.  xW.  pp.  87-106. 

«  See  Q.J.G.S.  toL  xxxiz.  p.  47  (note).  Prof.  Blake  {id.  toI.  xliy.  476,  60S) 
calls  this  a  qoartz  knob,  and  seeks  to  show  that  it  has  more  resemblance  to  a  yein 
product  than  to  a  rock  of  clastic  origin.  I  cannot,  of  course,  answer  for  the 
spedmen  which  he  examined,  bnt  can  only  say  that  if  my  slide  does  not  represent 
a  qnartsitey  I  haTe  never  seen  one. 
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looking,  as  if  the  loaas  had  heen  redaoed  to  a  plattio  oondition  and 
then  riightly  hut  rather  uniformly  oompreaeed  in  all  three  dimen* 
Bions  of  space,  or  as  if  the  grains  had  heen  growing  graduaUy 
outwards  at  the  expense  of  a  semi-fluid  magma  which  had  filled  up 
all  the  interstices.  A  rather  similar  aspect  is  presoated  hy  quarts 
grains,  which  have  formed  (often  mainly  hy  segregation — though 
no  doubt  frequently  around  a  dastio  nucleus)  in  a  'silty'  rock 
which  has  been  much  affected  by  'contact  metamorphism.' '  A 
similar  aspect  is  presented  by  the  quartzes  in  certain  quartsose 
schists,  which  are  presumably  metamorphosed  sediments,  and  which 
do  not  appear  to  have  been  subsequently  very  distinctly  modified  hy 
pressure.  This  peculiarity — though  distinct  to  an  aocustonaed  eye — 
is  not  very  easy  to  describe  in  words  or  even  to  represent  diagram- 
matically ;  but  an  idea  of  it  may  be  obtained  by  comparing  the 
lower  half  of  figure  3  (omitting  some  of  the  small  interstitial 
granules)  with  figs.  1  and  2  and  the  upper  halves  of  3  and  4  of  plate 
xxxi.  in  the  late  Prof.  H.  D.  Irving's  excellent  paper  on  the 
Archaean  Formation  of  the  North- Western  States.'  A  hard  and  fast 
line,  as  indeed  these  figures  show,  cannot  be  drawn  between  this 
structure  and  that  of  an  ordinary  quartzite — still,  I  believe,  a  very 
large  number  of  specimens  can  be  classed  under  one  or  the  other 
type ;  and  I  am  quite  certain  that  if  these  three  specimens  from  St 
Davids  had  been  sent  to  me  (as  specimens  often  are  sent)  without 
any  clue  as  to  their  geological  horizon,  1  should  have  returned  them 
with  the  remark  that  they  had  the  appearance  of  being  very  ancient 
rocks. 

Here,  then,  at  the  base  of  the  British  Cambrians,  we  find,  in  three 
specimens  selected  as  fair  samples  of  the  materials  of  a  conglomerate, 
structures,  of  which  one  indicates  that  the  rock  is  not  likely  to  he 
anything  but  ancient ;  the  second  is  more  like  the  structure  of  the 
Huronian  quartzites  than  of  any  indubitable  Pal8M>zoic  quartzite 
which  I  have  examined;  and  the  third  resembles  that  of  quartz-schists, 
which  are  almost  certainly  ArchsBan,  though  they  probably  do  not 
belong  to  the  oldest  part  of  that  series.  The  structures  also  of  these 
two  are  not  such  as  are  suggestive  of  pressure  metamorphism,  but  of 
slow  molecular  change,  under  constraint  indeed,  in  the  presence  of 
water,  and  at  a  fairly  high  temperature.  Thus  the  evidence  of  these 
pebbles,  so  far  as  it  goes,  is  favourable  to  the  opinion  that,  as  a 
general  rule,'  rocks  of  Archaean  age  may  be  identified  by  their 
structures,  and  that  the  conditions  under  which  they  consolidated 
have  recurred,  if  at  all,  only  rarely  and  locally. 

'  See,  for  instance,  Q.J.G.S.  vol.  xliv.  p.  16. 

^  United  States  Geological  Surrey,  Finn  Annual  Report,  1883-4. 

'  I  must  not  be  supposed  to  assert  that  a  hard,  fast,  and  universal  line  can  be 
drawn  between  Archa)an  and  Palseozoic  (or  Cambrian  and  Pre- Cambrian)  any  more 
than  between  Palaeozoic  and  Mesozoic  or  between  any  other  geological  groups, 
systems,  or  classificatory  divisions. 
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YI. — ^Thx  Pbxsbkt  Statb  or  the  Abohaan  ContIioyerst  in 

Britain. 

By  Chablbb  Callaway,  D.Sc,  F.G.S. 

THE  Archaean  question  in  this  country  may  be  said  to  be  about  twelve 
years  old.  Bocks  older  than  the  Cambrian  had  indeed  been 
recognized  by  Murchison  and  Sedgwick,  and  brief  notices  of  Pre- 
Cambrian  masses  at  St.  Davids  had  been  published  by  Salter,  Hark- 
ness,  and  Hicks ;  but  the  Archsdan  campaign  was  formally  opened 
by  Dr.  Hicks  in  a  paper  read  before  the  Geological  Society  in 
November,  1876.  The  attack  upon  the  old  views  was  followed  up 
by  Prof.  Bonney,  the  Rev.  Edwin  Hill,  Prof.  Hughes,  and  myself, 
and,  more  recently,  by  Prof.  Lap  worth  and  Prof.  Blake.  The 
defence  has  been  conducted  by  Dr.  A.  Geikie.  The  controversy  has 
been  animated,  and  not  witbout  sensational  incidents.  Great 
diversity  of  opinion  has  existed  even  amongst  the  assailants,  and 
many  important  divisions  of  the  inquiry  must  be  still  regarded  as 
unsettled.  The  most  noteworthy  difficulty  which  has  arisen  in  the 
progress  of  our  work  is  the  dynamic  theory  of  metamorpbism. 
My  chief  purpose  in  writing  this  paper  is  to  show  how  far  tbis 
theory  affects  our  old  conclusions ;  but  1  shall  incorporate  any  facts 
necessary  to  give  a  true  outline  of  the  present  state  of  opinion  on 
the  Archaaan  rocks.  I  use  the  word  *'  Archaean "  as  strictly 
equivalent  to  "  Pre-Cambrian.*' 

St.  Davids. — Dr.  Hicks  originally  described*  two  groups,  the 
Dimetian  and  the  Pebidian.  He  subsequently  ^  introduced  an  inter- 
mediate formation,  the  Arvonian.  According  to  Dr.  A.  Geikie,'  the 
Pebidian  is  merely  the  base  of  the  Cambrian,  while  the  Dimetian 
and  Arvonian  are  granites  and  porphyries  intrusive  in  the  bedded 
rocks.  Prof.  Blake  ^  regards  all  Hicks's  groups  as  Archaean,  but  be 
would  convert  them  into  one  continuous  series.  I  cannot  speak 
from  adequate  personal  examination  of  the  ground ;  but  analogy 
with  other  districts  would  rather  suggest  to  me  that  the  granite  and 
porphyry  (the  Dimetian  and  Arvonian)  form  a  group  distinct  from 
and  older  than  the  Pebidian,  and  that  the  Pebidian  also  is  Pre- 
cambrian. 

Shropshire. — Out  of  the  "  intrusive  greenstones  "  of  Murchison 
and  the  Survey,  it  has  been  found  possible  to  construct  two  well- 
marked  Archaean  groups.'  The  older  of  these,  consisting  of  granite 
and  gneissic  rocks,  I  have  called  Malvernian,  from  their  probable 
equivalence  to  rocks  of  the  same  character  at  Malvern.  But  the 
new  views  of  metamorpbism  deprive  the  term  "  equivalence  "  of  its 
ancient  meaning.  The  rocks  in  question  are  granites  and  diorites, 
which  under  the  influence  of  earth-pressures  have  here  and  there 
acquired  a  gneissic  structure.  These  igneous  rocks  are  alike  in  the 
two  localities,  the  results  of  the  metamorpbism  are  similar,  and 
there  is  in  both  cases  a  marked  unconformity  to  the  Cambrian.    We, 

>  Quart.  Joum.  Geol.  Soo.  1877,  p.  229. 

'  Ibidy  1879,  p.  286.  »  Ibid,  1883,  p.  261. 

«  Qaart.  Jomn.  Geol.  Soc.  L8S4,  p.  294.  ^  Ibid,  1879,  p.  643. 
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therefore,  may  infer  a  general  equivalence ;  but  it  cannot  be  proved 
that  the  process  of  schist-making  was  striotly  contemporaneous  in 
the  two  districts.  It  may  however  be  safely  asierted  that  the 
Malvemian  rocks  are  Older  Archaean;  for  the  principal  types, 
granites  and  modified  diorites,  occur  as  derived  fragments  in  the 
conglomerates  of  the  Newer  Archasan  of  Shropshire. 

llie  Newer  Archaean,  the  Urioonian,  is  a  volcanic  group  resembling 
the  Pebidian  of  St  Davids,  of  which  it  is  the  probable  equivalent. 
But  recent  discovery  suggests  that  this  well-known  formation  may 
have  to  be  thrown  back  to  a  period  more  remote  from  the  Cambrian 
than  has  commonly  been  supposed. 

The  slates,  grits,  and  conglomerates  of  the  Longmynd  have 
been  usually  regarded  as  the  stratigraphical  equivalent  of  the 
Llanberis  and  Harlech  groups.  For  some  years,  I  have  doubted  the 
accuracy  of  this  determination.  In  1878,^  in  announcing  the  dis- 
covery of  Cambrian  rocks  at  Caer  Caradoc,  I  described  a  thin  band 
of  limestone  in  the  Hollybush  Sandstone  at  the  north-eastern  ex- 
tremity of  the  ridge.  This  limestone  was  fossiliferous,  yielding, 
besides  Kutorgina  cingulata  and  Serpulites  fattda,  several  species  of 
indeterminable  Brachiopoda  and  obscure  fragments  of  a  trilobitio 
nature.  Subsequent  visits  brought  to  light  better  specimens,  which 
convinced  me  that  the  fauAa  was  of  a  verv  ancient  facies :  and  I 
have  been  in  the  habit  of  provisionally  referring  it  to  the  Menevian 
epoch.  As  there  appeared  to  be  a  considerable  break  between  the 
Hollybush  Sandstone  and  the  Longmynd  series,  it  seemed  hardly 
possible  to  retain  the  latter  in  the  Cambrian.  In  this  unsettled  state 
of  the  question,  I  proposed '  in  1887  to  call  this  great  group  of  rocks 
by  the  name  of  "  Longmyndian."  This  term  has  been  adopted  *  by 
Prof.  Lapworth,  and  he  has  obtained  most  important  evidence  in 
favour  of  the  Archaean  age  of  the  strata.  Mr.  H.  Keeping,  of  Cam- 
bridge, working  under  his  direction,  has  collected  from  the  limestone 
at  Caer  Caradoc  material  which  enables  Prof.  Lapworth  to  "  recog- 
nize a  large  and  well-marked  species  of  Olenellus"  as  well  as  to 
make  out  the  generic  characters  of  more  of  the  Brachiopoda,  and  he 
concludes  that  the  Pre-Cambrian  age  of  the  Longmyndian  is  ''  a 
matter  of  fair  probability."  Prof.  Blake  goes  further,  and  correlates  * 
the  Longmyndian  with  his  **  Upper  Monian "  of  Bray  Head.  To 
sum  up,  we  find  that  the  most  recent  discovery,  so  far  from  invali- 
dating my  conclusions  with  reference  to  the  occurrence  of  Archaean 
rocks  in  Shropshire,  renders  it  possible  that  a  third  system  will  be 
added  to  the  list.  We  should  thus  be  able  to  record  the  existence 
in  the  West  Midland  area  of  three  magnificent  rock-systems  of 
Archaean  age,  viz.  1.  Malvemian  (igneous  and  igneo-metunorphic), 
2.  Uricontan  (volcanic  and  sedimentary),  3.  Longmyndian  (sedimen- 
tary). I  have  not  here  discussed  the  Hushton  Schists,^  because  their 
position  is  uncertain ;  but  I  have  little  doubt  that  they  are  Fre- 

*  Quart.  Joum.  Geol.  Soc.  1878,  p.  768. 

>  TranB.  Shrop.  Arch.  Soc.  1887.  '  Obol.  Mao.  Not.  1888,  p.  484. 

«  Quart.  Joum.  Geol.  Soc.  1K88,  p.  543. 

*  Described  in  this  Magazine,  Aug.  1884,  p.  362. 
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Uriconian,  and  would  therefore  have  to  be  thrown  in  with  the 
Malvemian.  They  have  the  appearance  of  schists  which  have  been 
derived  from  igneous  rocks  by  shearing,  and  the  strike  (north- 
westerly) is  the  same  as  that  of  the  Malvemian. 

Ths  Midlands. — The  volcanic  rocks  of  Chamwood,  described  ^ 
by  the  Rev.  E.  Hill  and  Prof.  Bonney,  are  now  generally  regarded 
as  Pebidian.  Slight  exposures  of  old  masses  underlying  the  Cam- 
brian have  been  recognized  at  the  Lickey  and  near  Nuneaton  by 
Prof.  Lapworth,  Mr.  W.  J.  Harrison,  and  others. 

Malvern. — By  almost  universal'  consent  the  crystalline  rocks 
which  form  the  nucleus  of  the  Malvern  range  have  been  referred  to 
Archaean  times.  In  1880'  I  separated  the  masses  forming  the  eastern 
spurs  of  the  Herefordshire  Beacon  from  the  rest  of  the  crystallines, 
and  placed  them  in  the  ITriconian.  The  older  rocks  (Malvemian) 
were  regarded  by  Phillips  and  Murchison  as  metamorphosed  sediments 
with  extensive  intrusions  of  syenite  and  granite.  Dr.  HoU  went 
further  than  these  authors,  and  contended  that  many  of  the  massive 
rocks  also  were  of  sedimentary  origin.  None  of  these  writers 
attempted  to  construct  a  sequence  out  of  the  Malvemian.  At  one 
time,  I  cherished  the  hope  that  this  might  be  done ;  and,  in  1887, 
Mr.  Rutley  *  submitted  to  the  Geological  Society  the  details  of  a 
time- succession  which  he  considered  he  had  established.  This 
scheme  assumed  that  the  foliation  of  the  gneisses  and  schists 
coincided  with  an  original  sedimentation.  My  own  work  at  Malvern 
had  been  leading  me  to  a  very  different  conclusion,  and,  when  Mr. 
Rutley's  paper  was  read,  I  gave  some  of  my  results,^  my  main 
contention  being  that  many  of  the  foliated  rocks  were  igneous 
masses  which  had  acquired  a  parallel  structure  under  pressure.  I 
have  since,  in  papers  to  the  British  Association,'  and  the  Geological 
Society,^  unreservedly  extended  this  theory  to  all  the  schistose  rocks 
of  Malvern.  If  I  am  right,  it  is  obvious  that  the  order  in  which 
the  foliated  bands  occur  cannot  indicate  a  time-sequence.  The  new 
views  on  metamorphism,  therefore,  destroy  the  hope  of  constructing 
a  succession  amongst  the  Malvemian  rocks ;  but  they  do  not  affect 
the  evidence  as  to  the  age  of  the  respective  Archaean  systems 
represented  in  the  Malvern  Hills. 

Cabrnabvonshibs. — Papers  on  this  area  have  of  late  years  been 
published  by  Prof.  Hughes,  Prof.  Bonney,  Dr.  Hicks,  Mr.  F.  T.  S. 
Houghton,  the  late  Mr.  E.  B.  Tawney,  Mr.  A.  Harker,  Prof.  A.  H. 
Green,  and  Prof.  J.  F.  Blake.  Dr.  Hicks  identifies  his  three  rock- 
groups  in  the  area  between  Caernarvon  and  Bangor.  Prof.  Bonney 
admits  the  Archsdan  age  of  these  granitoid  and  rhyolitic  masses ; 
but  would  assign  them  to  two  periods  only.  Prof.  Hughes  is  in 
agreement  with  these  observers  on  the  main  question  ;  but  he  places 
some  of  the  detrital  ArchsBan  of  Prof.  Bonney  in  the  Cambrian. 

1  Quart.  Joum.  Geol.  Soc.  1877,  p.  764  ;  1878.  p.  199  ;  1880,  p.  337. 
'  Murchison' 8  opinion  that  these  rocks  are  metamorphosed  Cambrian  has  probablj 
no  living  advocate. 
>  Quart.  Joum.  Geol.  Soc.  Not.  1880,  p.  536. 

*  Ihid.  1887,  p.  481.  «  Quart.  Joum.  Geol.  Soc.  1SR7,  p.  626. 

«  Reporta,  1887,  p.  706 ;  and  1888,  p.  663.  ^  EeaA  X^t\\  \1  ,\^>^^- 
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The  rfayolites  near  Llyn  Padarn  and  the  felBiiio  and  aohistose  manes 
of  Lleyn  district  are  also  claimed  as  Archaean  by  Dr.  Hicks,  and 
Prof.  Bonney  admits  the  claim  so  far  as  Llyn  Padam  is  concerned. 
Mr.  Tawney  and  Mr.  Harker  have,  however,  maintained  that  some 
of  the  igneous  masses  in  the  Lleyn  area  are  intmsive  in  the 
Ordovician  strata  This  may  well  be  the  case ;  but  I  am  convinced 
that  the  quartz-fel sites  sooth  of  Bangor  and  on  Llyn  Padam  an 
truly  Archcean.  The  massive  conglomerate  running  from  Llyn 
Padam  to  the  south-west  along  the  crests  of  Moei  Tryfaen  and 
Mynydd  y  Cilgwym  is  packed  with  rounded  fragments  of  the 
subjacent  felsite,  while  the  Cambrian  grits  further  west  are  largely 
composed  of  similar  material,  which  also  occurs  in  smaller  proportion 
in  the  Cambrians  near  Harlech. 

Amqlbsst. — Prof.  Sedgwick  was  amongst  the  first  to  express  the 
opinion  that  this  island  contained  rocks  older  than  the  Cambrian. 
In  our  own  times,  Dr.  Hicks,  fresh  from  his  discoveries  in  South 
Wales,  visited  the  area,  and  rapidly  concluded  that  his  three  systems 
were  represented  respectively  by  the  granite  (Dimetian),  the  halle- 
flinta  (Arvonian),  and  the  schists  (Pebidian).  Prof.  Bonney  and 
Prof.  Hiighes,  approaching  the  study  of  the  rocks  from  different 
sides,  agreed  that  the  island  contained  extensive  tracts  of  Archaean 
rock  ;  but  they  did  not  venture  upon  detailed  conclusions.  My  own 
work  in  Anglesey  extended  over  several  years,  and  led  me  to  believe 
that  the  crystalline  and  hypo-crystalline  rocks  were  mainly  Archaean, 
but  that  they  could  not  be  grouped  into  more  than  two  distinct 
systems,  Older  Archaean  (gneissic)  and  Newer  Archaean  (slaty). 
The  latter  I  did  not  attempt  to  subdivide  into  a  definite  succession. 
The  fonner  appeared  to  display  a  sequence  of  the  following  groups, 
taking  them  in  ascending  order: — (1)  Halleflinta,  (2)  Quartz -schist, 
(3)  Limestone,  (4)  Grey  gneiss,  (5)  Dark  schist,  (6)  Granitoidite. 
Thus  the  case  stood  as  the  result  of  work  upon  the  old  lines. 

My  enquiries  in  Ireland  and  at  Malvern  led  me  in  the  direction 
of  dynamic  metamorphism,  and,  in  the  light  of  the  new  ideas,  I 
re-examined  the  most  important  of  my  Anglesey  sections.  I  found 
that  some  of  the  green  schists  were  modified  diorites,  that  the  grey 
gneiss  and  associated  schists  were  modified  felsite,  and  that  the 
limestones  of  the  Older  Archa^ns  were  probably  endogenous  segre- 
gations, lliese  resulta  I  communicated  to  the  British  Association^ 
in  1887.  On  the  same  occasion.  Prof.  J.  F.  Blake*  reported  that 
some  of  the  igneous  rocks  of  the  island  ''  put  on  a  foliated  character 
in  places."  I  followed  up  my  clues  in  the  following  year,  and 
obtained  confirmatory  evidence  of  my  previous  conclusions.  I  also 
ascertained  that  the  halleflinta  of  Llanfaelog  was  transitional  between 
felsite  and  gneiss,  and  that  the  granite  was  a  truly  igneous  and  in- 
trusive rock,  associated  with  and  apparently  passing  into  quartz- 
felsites  which  were  quite  distinct  from  the  above-named  felsite.  My 
original  reading  of  the  Newer  Arcbaeans  did  not  require  modification. 
They  were  sedimentaries  which  had  been  more  or  less  metamor- 
phosed. These  results  were  made  known'  to  the  British  Association 
in  1888. 
'  Eeport,p,  760,  *  Ihid,^.  IVl,  "*  '^.e^^TX.,^.  ^U. 
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It  was  obvious  from  these  diBOOveries  that  the  Beqnenoe  in  the 
Older  Arohaeans  would  have  to  be  differently  interpreted.  It  ceased 
to  be  a  sQcoession  in  time,  and  was  useful  merely  as  a  description  of 
tlie  distribution  of  the  respeotive  rock-types.  But  what  we  lost  in 
one  direction  we  gained  in  another  and  more  important  one.  An 
empirical  sequence  was  replaced  by  a  revelation  of  true  causation. 
Thds,  the  halleflinta,  quartz-schist,  and  grey  gneiss  are  produced 
from  felsite  by  pressure,  the  limestone  is  formed  from  the  same  rock 
by  segregation,  the  dark  gneiss  is  modified  diorite,  and  the  grauitoidite 
is  a  true  granite  intrusive  in  the  felsite,  the  diorite,  and  their 
modifications. 

Prof.  Blake  in  his  paper  ^  in  the  Journal  of  the  Geological  Society, 
and  in  his  Eeport'  to  the  British  Association  in  1888,  agrees  that 
the  rooks  in  question  are  Archsdan,  that  the  Newer  Archaeans  are 
largely  sedimentary,  that  the  granitoidite  is  a  true  granite,  and  that 
the  diorite  has  sometimes  been  modified  into  schist ;  but  be  does  not 
admit  that  Ihe  grey  gneiss  and  associated  schists  are  of  igneous 
origin,  and  he  contends  that  the  Lower  and  Upper  ArchsBans  form 
a  continuous  series. 

The  Highlands  of  Scotland. — The  history  of  recent  discovery  in 
this  remarkable  region  has  been  so  well  told  by  Prof.  Bonney,^  Prof. 
Lap  worth,*  and  the  officers  of  the  Geological  Survey,*  that  repetition 
is  unnecessary.  It  is  agreed  on  all  hands  that  the  Hebridean  gneiss 
is  Archsean  ;  but  there  is  not  the  same  consensus  of  opinion  as  to  the 
age  and  origin  of  the  Eastern  gneiss.  In  my  chief  paper  ^  on  the 
Highlands,  I  showed  that,  by  enormous  thrusts  from  the  east,  the 
Hebridean  had  been  forced  over  the  Ordovician  (or  Cambrian)  rocks 
for  great  horizontal  distances,  and  that  the  Eastern  gneiss  overlay 
the  Ordovician  in  a  similar  manner.  As  the  younger  gneiss  was  a 
truly  metamorphio  rock,  quite  unlike  any  of  the  Ordovioians,  I  in- 
ferred its  Archaean  age,  and  called  it  "  Caledonian."  In  the  debate 
on  my  paper.  Prof.  Lapworth,  who  had  visited  the  Erribol  district, 
said  that  the  sections  he  had  seen  there  seemed  to  support  my  view. 
Indeed,  in  the  state  of  our  knowledge  at  that  time,  no  other  inference 
appeared  to  be  possible.  However,  Prof.  Lapworth  soon  after  re- 
visited his  old  ground,  and  in  1884  we  were  startled  by  the  extra- 
ordinary theory  that  the  Eastern  gneiss  was  a  melange  of  Hebridean, 
Ordovician,  and  igneous,  rocks,  which,  under  the  influence  of  the 
great  thrust,  had  been  sheared  out  and  in  part  recrystallized.  In 
the  following  year,  the  Survey  admitted  the  new  conclusions,  even 
to  the  length  of  adopting  Prof.  Lapworth's  view  of  the  origin  of  the 
Eastern  gneiss.  I  have  not  been  to  the  Highlands  since  1882 ;  but, 
considering  the  nature  of  the  evidence  adduced,  and  the  competence 
of  the  witnesses,  as  well  as  the  confirmatory  proofs  I  have  collected 
in  Ireland  and  at  Malvern,  I  am  disposed  to  concede  to  the  new 
theory  a  high  degree  of  probability. 

1  1888,  p.  463.  «  p.  367. 

'  PreBidential  Address,  Quart.  Joum.  Geol.  Soc.  May,  1885. 

^  Gbol.  Mao.  1885,  p.  97. 

^  Quart.  Joum.  Geol.  Soc.  Aug.  1888,  p.  378. 

«  Quart.  Joum.  Oeol.  Soc.  Aug.  18S3,  p.  356. 
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Ibsland. — ^Not  much  has  yet  been  done  amongst  tlie  ATofaaBans  of 
Ireland.  Leinster  has  been  slightly  studied  by  Prof.  SollaB  and 
Prof.  Blake,  as  well  as  by  myself.  1  have  held  Uiat  there  is  reason- 
able evidence  of  two  formations,  corresponding  to  the  Gneissic  and 
Slaty  groups  of  Anglesey.  Prof.  SoUas  ^  appears  disposed  to  agree 
with  me  in  reference  to  the  Gneissic  series ;  but  the  newer  g^up  at 
Howth  and  near  Wexford  he  would  associate  with  the  Bray  Head 
rocks.  Prof.  Blake,'  however,  who  has  given  considerable  attention 
to  Anglesey,  regards  the  Howth  group  as  the  equivalent  of  bii 
''South  Stack  series,"  and  therefore  as  Archaean.  Prof.  Blake 
separates — I  think  rightly — the  Howth  series  from  the  rocks  of 
Bray  Head,  and  he  places  the  latter  in  a  newer  group,  very  high  up 
in  the  Archaoan. 

The  metamorphio  rocks  of  Galway  and  Connemara  are  probably 
Archeean.  No  theory  of  metamorphism  can  affect  the  question  of 
their  age.  The  solution  of  some  difficult  problems  will  probably  be 
found  in  this  remarkable  area. 

There  are  indications  of  the  existence  of  Archsdan  rocks  in 
Donegal,  but  the  region  will  require  much  hard  work.  The  granitoid 
masses  supposed  by  some  to  be  '*  Laurentian  "  prove  to  be  intrusive 
granites  locally  modified  by  pressure  into  a  gneiss. 

The  Lizard  and  South  Devon. — The  banded  gneisses  and  other 
schists  of  the  Lizard  have  been  studied  by  Mr.  J.  H.  Collins,  Prof. 
Bonney,  and  Mr.  Teall.  By  Prof.  Bonney,'  the  parallel  structure 
was  regarded  in  1883  as  evidence  of  an  original  sedimentation ;  but 
Mr.  Teall  ^  in  1887  contended  that  the  banded  gneisses  were  igneous 
complexes  which  had  undergone  deformation  under  earth -pressures. 
Prof.  Bonney  refers  the  Lizard  schists  to  the  Archaean  period,  a  view 
which  may  not  be  materially  affected  by  theories  of  origin.  The 
same  author  describes^  the  micaceous  and  chloritic  schists  of  the 
South  Devon  coast,  and  considers  them  a  prolongation  of  the  Lizard 
rocks.  Miss  C.  A.  Kaisin "  adds  further  descriptions  of  the  Devon 
district. 

The  Channel  Islands. — The  Rev.  E.  Hill  has  given  considerable 
attention  to  the  crystalline  rocks  of  this  group  of  islands.  He 
describes,^  inter  alia,  hornblendic  schists  and  felspathic  gneisses,  and 
assigns  them  to  the  Archsean,  contending  that  their  great  dissimilarity 
from  the  Cambrian  and  later  strata  of  the  adjacent  parts  of  Brittany 
renders  their  Palaeozoic  age  highly  improbable.  This  evidence  is 
not  likely  to  be  affected  by  questions  of  origin. 

The  length  of  this  bare  sketch,  in  which  only  the  principal  con- 
tributions are  mentioned,  will  give  some  idea  of  the  activity  of  the 
workers  in  the  Archaean  field.  Errors  have  no  doubt  been  made; 
but,  having  regard  to  the  extreme  obscurity  of  some  of  the  evidence 

»  Brit.  Assoc.  Report,  1887,  p.  708. 

'  Quart.  Joum.  Geol.  Soc.  1888,  p.  542. 

'  Quart.  Joum.  Geol.  Soc.  Feb.  1883»  p.  1. 

*  Brit.  Assoc.  Report,  p.  707  ;  and  Geol.  Mao.  Not.  p.  484. 

»  Quart.  Journ.  Geol.  Soc.  Feb.  1884,  p.  1. 

«  Ibid,  Nov.  1887,  p.  716.  7  ibid,  Aug.  1887,  p.  322. 
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and  to  the  miBleading  influence  of  old  theories  of  metamorpbism, 
very  substantial  results  have  been  gained.  I  believe  I  am  correot  in 
^yiog  that  all  who  have  studied  tbe  question  witb  any  degree  of 
thoroughness,  that  is  to  say,  in  more  tban  one  or  two  localities,  have 
come  to  substantially  the  same  oonolusion.  Whether  there  are  one, 
two,  or  three  Archaean  systems — whether,  if  there  are  more  than 
one,  they  are  separated  by  broad  or  narrow  gaps — are  questions  on 
which  unanimity  is  not  yet  attained ;  but  there  is  little  difference 
of  opinion  as  to  the  existence  and  distribution  of  the  Archaean  masses 
as  a  whole.  The  dynamic  theory  of  metamorphism  affects  certain 
details  of  the  Older  Archaeans,  it  renders  correlation  amongst  igneo- 
met amorphic  masses  somewhat  less  precise,  and  it  materially  alters 
all  the  old  views  on  the  Eastern  gneiss  of  Sutherland.  On  the  other 
hand,  it  opens  up  questions  of  the  greatest  interest,  and  renders  com- 
paratively intelligible  some  of  the  earliest  chapters  in  the  earth*s 
history. 

VII. — NOTS    ON    BOMB    PoiMTS    IN    THE     NOMENOLATURS    Or    FoSSIL 

Keptiles  and  Amphibians,  with  Pbeliminabt  Notices  of  Two 
New  Species. 

By  R.  Ltdbkkbb,  B.A.,  F.G.S.,  F.Z.S. 

HAVING  occasion  in  a  work  now  in  the  press  to  refer  to  certain 
fossil  Reptiles  and  Amphibians  of  which  the  commonly  accepted 
nomenclature  requires  revision,  I  think  it  advisable  to  make  the 
necessary  amendments  in  a  Journal  specially  devoted  to  Geology  and 
Palaeontology.  I  also  take  the  opportunity  of  giving  two  new 
scientific  names  to  Reptiles  from  the  Wealden. 

The  name  Diplovertehron,  Fritsch,  as  being  a  hybrid  word,  may 
be  amended  to  Diploppondylus.  Notochelya,  Owen,  being  preoccupied 
by  Gray,  may  be  changed  to  Notochelone. 

Since  there  is  every  probability  that  Omiihopsis  Hulkei,  Seeley, 
is  identical  with  Hoploaaurus  armaiuSf  Gervais,  while  the  latter  is 
probably  not  generically  separable  from  the  earlier  Peloroaaurm,  I 
propose  to  adopt  the  name  Pelorosauru$  armattis  for  the  Isle  of 
Wight  species,  on  the  assumption  that  it  is  distinct  from  P.  Cony- 
heart  of  Sussex.  The  Eimeridgian  and  Oxford  ian  species  described 
as  OmiihopstB  may  likewise  be  referred  to  Pelorosanrna, 

The  teeth  from  the  Wealden  provisionally  referred  by  Mantell 
and  Owen  to  HylaosauruB  are  now  known  to  be  Sauropodous,  and 
Fince  they  appear  to  be  too  small  to  belong  to  any  of  the  described 
Wealden  forms  of  that  group,  I  propose  to  refer  them  provisionally, 
on  account  of  their  small  size,  to  the  genus  Pleuroccelvs,  Marsh, 
with  the  name  P.  valdensis,  I  am  confirmed  in  this  reference  by 
a  small  dorsal  vertebra  in  the  British  Museum  (No.  R.  1626),  from 
the  same  deposit,  which  closely  resembles  that  of  the  typical 
American  species,  and  probably  belongs  to  the  same  form  as  the 
teeth. 

Finally,  I  propose  the  name  Megaloaaurua  Oweni  for  the  meta- 
tarsus from  the  Wealden  figured  by  Owen  in  his  *  Wealden  and 
Purbeck  Reptilia,'  pt  iv.  pL  xL  as  HyUsosauruB^  and  referred  b^ 
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myself  to  Megatosaurus  in  the  'Cat  Fobs.  Rept.  Brit  M118.*  p.  167, 
under  the  name  of  M.  Dunkeri.  I  am  induced  to  make  thia  new 
speoies  because  metatarsals  obtained  by  Mr.  C.  Dawson  from  the 
Wadhurst  Clay  of  Hastings  are  clearly  specifically  distinct  from  the 
above-mentioned  specimen,  and  I  provisionally  refer  them,  on  acooonk 
of  their  larger  size,  to  JIf.  Lunkeri,  The  type  of  Jtf.  Oweni  appears  to 
belong  to  the  right  side,  instead  of  to  the  left,  as  stated  by  its 
describer. 


T 


ITOTIOEIS      OIF      l^B^^OIiaS. 

I. — On  a  possible  Gsoloqtgal  Orioin  or  Tehbestrtal  Magnetise.^ 
By  Professor  Edward  Hull,  M.A.,  LL.D.,  F.B.S.,  Director  of 
the  Geological  Survey  of  Ireland. 

HE  author  commenced  by  pointing  out  that  the  origin  and  cause 
X  of  terrestrial  magnetism  were  still  subjects  of  controversy 
amongst  physicists,  and  this  paper  was  intended  to  show  that  there  is 
cause  for  believing  the  eartli  itself  contains  within  its  crust  a  source 
to  which  magnetic  phenomena  may  be  traced,  as  hinted  at  by  Gilbert, 
Biot,  and  others ;  though,  owing  to  the  want  of  evidence  regarding 
the  physical  structure  of  our  globe  in  the  time  of  these  observers, 
they  were  unable  to  identify  the  supposed  earth's  internal  magnet 

ITie  author  observed  that  in  the  opinion  of  many  geologists  there 
exists  beneath  the  crust  an  outer  and  inner  envelope  or  "magma** 
the  former  less  dense  and  highly  silicated,  the  latter  basic  and  rich 
in  magnetic  iron-ore.  This  view  was  in  accordance  with  the  views  of 
Durocher,  Prestwich,  Fisher,  and  many  others.  The  composition  of 
this  inner  magma,  and  the  condition  in  which  the  magnetic  iron-ore 
exists,  were  then  discussed,  and  it  was  shown  that  it  probably  occurs 
under  the  form  of  numerous  small  crystals,  with  a  polar  arrange- 
ment ;  each  little  crystal  being  itself  a  magnet,  and  having  crystal- 
lized out  from  the  magma  while  this  latter  was  in  a  viscous 
condition,  the  crystalline  grains  would  necessarily  assume  a  polar 
arrangement  which  would  be  one  of  equilibrium.  Basalt  might  be 
taken  as  the  typical  rock  of  this  magma. 

The  thickness  and  depth  of  the  magnetic  magma  beneath  the  sur- 
face of  the  globe  were  then  discussed  ;  and  while  admitting  that  it 
was  impossible  to  come  to  any  close  determination  on  these  points 
owing  to  our  ignorance  of  the  relative  efifects  of  increasing  tempera- 
ture and  pressure,  it  was  assumed  tentatively  that  the  outer  surface 
of  the  effective  magnetic  magma  might  be  at  an  average  depth  of 
about  100  miles,  and  the  thickness  about  25  or  30  miles.  The  pro- 
portion of  magnetic  iron-ore  in  basaltic  rocks  was  then  considered, 
and  it  was  shown  that  an  average  of  10  to  16  per  cent,  would 
express  these  proportions  ;  and  assuming  similar  proportions  to  exist 
in  the  earth's  magnetic  magma,  we  should  then  have  an  effective 
terrestrial  magnet  of  from  2  J  to  3  miles  in  thickness.  The  thick- 
ness, however,  might  be  very  much  greater  than  here  suggested. 

^  JElead  at  the  Boyal  Society,  May  16,  1889. 
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Instanoes  of  polarity  in  basaltic  masses  at  various  localities  were 
addaoed  in  order  to  illustrate  the  possibility  of  polarity  in  the  in- 
ternal mass.  Magnetic  polarity  had  been  found  by  the  author  to 
exist  in  segments  of  basaltic  columns. 

The  subject  of  the  polarity  of  the  globe  was  then  discussed,  and  it 
was  pointed  out  how  the  position  of  the  "  magnetic  poles  "  leads  to 
the  inference  that  they  are  in  some  way  dependent  upon  the  position 
of  the  terrestrial  poles. 

The  author  regarded  the  so-called  **  double  poles  "  as  merely  foci 
of  attraction  due  to  protuberances  of  the  magnetic  magma  into  the 
exterior  non-magnetic  magma,  and  maintained  that  there  was  really 
only  a  single  magnetic  pole  in  each  hemisphere,  embracing  the 
whole  region  round  the  terrestrial  pole  and  the  stronger  and  weaker 
magnetic  foci,  and  roughly  included  within  the  latitude  of  70^  within 
the  northern  hemisphere. 

It  was  pointed  out  that  the  poles  of  a  bar-magnet  embrace  a  com- 
paratively large  area  of  its  surface,  and  hence  a  natural  terrestrial 
magnet  of  the  size  here  hypothecated  may  be  inferred  to  embrace 
a  proportionably  large  tract  for  its  poles. 

In  reference  to  the  question  why  the  magnetic  poles  are  situated 
near  those  of  the  earth  itself,  this  pheuomenon  seemed  to  be  con- 
nected with  the  original  consolidation  of  the  crust  of  the  globe,  and 
the  formation  of  its  internal  magmas. 

It  was  suggested  that,  owing  to  the  differences  of  temperature 
which  must  have  existed  in  the  polar  regions,  as  compared  with 
those  of  the  equatorial,  the  process  of  solidification  may  have  been 
more  rapid  in  the  polar  regions  than  elsewhere,  and  it  was  inferred 
that  in  the  case  of  the  magnetic  magma  the  process  of  crystallization 
and  the  polar  arrangement  of  the  particles  of  magnetic  iron-ore  might 
have  proceeded  from  the  poles  towards  the  equator  in  radial  direc- 
tions. Tlie  manner  in  which  the  phenomena  of  magnetic  intensity, 
and  of  the  dip  of  the  needle  at  dififerent  latitudes,  could  be  explained 
on  the  hypothesis  of  an  earth's  internal  magnet,  such  as  is  here 
described,  was  then  pointed  out ;  and  the  analogy  of  such  a  magnet 
with  a  magnetic  bar  passing  through  the  centre  of  the  earth  was 
illustrated.  On  the  other  hand  it  was  conceivable  that  the  process 
of  solidification  might  have  commenced  at  the  Equator — extending 
towards  the  poles,  and  thus  the  polar  arrangement  would  naturally 
arise. 

The  author  then  proceeded  to  account  on  geo-dynamical  principles 
for  the  secular  variation  of  the  magnetic  needle,  and  also  endeavoured 
to  show  how  the  objections  that  might  be  raised  to  the  views  here 
advanced,  on  the  grounds  of  the  high  temperature  which  must  be 
assumed  to  exist  at  the  depth  beneath  the  surface  of  the  magnetic 
magma,  could  be  met  by  considerations  of  pressure ;  and  on  this  subject 
read  a  letter  which  he  had  received  from  Sir  William  Thomson,  F.B.S. 
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II. — BeiTRAG     ZUB     EeNKTNISS    deb  MiKBOTAUHA    AU8    DEV    OBKR- 
JX7KA8SI80nEN   FeUERSTETNKMOLLEN  DEB  UmOBOEND  YOV  KbaKAU. 

Yon  Thaddaus  Wisniowski.    Jahrb.  der  k.  k.  geol.  Reichsanstalt, 
1888,  Bd.  xxxiv.  pp.  667-702,  taf.  xiL  xiiL 

Notes  on  the  Miobosoopic  Fauna  tromthe  Upper  Jurassic  FLniT- 
nodulks  in  the  Neighbourhood  or  Cbaoow.     By  Thaddeus 

WiSNIOWSKI. 

IN  the  limestone  strata  of  the  White  or  Upper  Jura  formation  near 
Craoow  there  are  layers  of  flint  nodules  similar  to  those  in  the 
Upper  Chalk  of  this  country.  The  flints  vary  from  dark  to  grey 
in  tint,  in  the  latter  a  great  variety  of  mioroscopio  organisms  can 
be  distinguished.  These  principally  consist  of  detached  sponge- 
spicules,  some  of  which  are  very  perfectly  preserved,  whilst  others 
have  been  dissolved  and  only  the  infilled  casts  of  their  canals 
remain.  The  spicules  evidently  belong  to  a  variety  of  siliceous 
sponges,  the  monaotinellid  and  tetractinellid  forms  predominating. 
There  are  also  some  minute  forms  resembling  the  flesh-spicules  of 
existing  hexactinellids.  In  the  flints  from  one  particular  locality 
radiolarians  appear  instead  of  sponge- spicules ;  of  these  19  dififerent 
species  have  been  recognized  by  the  author,  and  ten  are  new. 
Foraminifera  are  also  fairly  abundant  in  the  flints  mingled  with 
the  siliceous  organisms ;  but  as  only  their  infilled  casts  have  been 
preserved,  it  has  not  been  practicable  to  distinguish  more  than 
10  species.  In  contrast  to  the  abundant  remains  in  the  grey  nodules, 
there  are  very  few  to  be  found  in  those  of  a  dark  tint ;  but  as  there 
are  numerous  gradations  between  these  two  varieties,  it  is  reasonable 
to  conclude  that  the  silica  in  both  has  been  derived  from  the  same 
organisms,  and  that  these  have  been  completely  dissolved  in  the 
dark  nodules.  Figures  of  the  diflerent  forms  are  given  in  the 
accompanying  plates.  G.  J.  H. 


III. — Uebeb  das  Devon  in  Devonshire  und  im  Boulonnais.  Von  E. 
Eatseb  in  Marburg.  Neues  Jahrbuch  fur  Mineralogie,  etc 
1889,  Bd.  I.  pp.  179-191. 

PROF.  KAYSER  (in  company  with  Prof.  Gosselet,  of  Lille,  and 
some  other  geologists)  visited  the  classical  region  of  North  and 
South  Devon  last  autumn  under  the  guidance  of  Mr.  W.  A.  E.  Ussher, 
and  in  this  paper  he  gives  some  details  of  consicierable  interest 
regarding  the  geological  structure  and  fossils  of  these  areas  as 
compared  with  the  corresponding  strata  in  Germany.  Prof.  Eayser 
concludes  that  in  South  Devon  there  is  the  closest  resemblance,  alike 
in  the  Upper,  Middle,  and  Lower  divisions,  to  the  Devonian  suc- 
cession in  West  Germany,  and  this  is  further  shown  by  the  occurrence 
of  similar  eruptive  greenstones  in  both  countries.  On  the  other 
hand,  considerable  differences  are  shown  in  the  North  Devon  Series. 
There  are  here  no  representatives  in  the  Upper  Division  either  of  the 
CJymenia  Limestone,  or  of  the  Adorf  Qomatxie,  or  the  Iberg  Coral- 
limestone  ;  in  the  Middle  Division  the  String ocephnhis  and  Calceoh' 
limestones  are  wanting,  and  there  is  no  near  resemblance  either  in 
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the  KheniBli  or  in  the  Belgian-French  Devonian  of  the  prevailing 
Imrd  quartzitio  sandstones  and  grauwackes  of  the  Lower  Division  in 
North  Devon.  The  Pilton  beds  and  the  Ouculleea  zone  or  Baggy  beds 
correspond  rather  to  the  Belgian  than  to  the  Rhenish  Upper  Devonian, 
and  there  is  nothing  analogous,  either  in  the  Rhine  district,  Belgium, 
or  Northern  France,  to  the  Pickwell  sandstones  and  the  slates  of 
Morte  and  Ilfracombe.  Not  only  are  the  limestones  of  the  South 
l>evon  Series  almost  entirely  replaced  by  the  slates  and  sandstones  of 
the  North,  but  there  is  further  in  this  area  a  complete  absence  of  the 
greenstone  and  schalstein. 

IV. — On     the      SpINOSI    RllTNOHONBLLiB     (GeNUS     ACAyTHOTHYKIS, 

D'Obbigny)  found  in  England.  By  S.  S.  Buckman,  F.G.S., 
and  John  Francis  Walkbb,  M.A.,  F.G.S.— On  Terebratula 
BisiyuATA,  Lam.,  from  the  London  Clay  of  Hampshire.  By 
J.  F.  Walker,  F.Q.S.— On  Oolitic  Brachiopoda  new  to  York- 
shire. By  J.  F.  Walker,  F.G.S.  (From  the  Yorkshire  Philo- 
sophical  Society's  Report,  1888,  York,  1889.) 

THE  first  of  these  papers  gives  a  history  and  bibliography  of  the 
genus  AeatUhoihyrtB  as  distinguished  from  Bhynchonella,  and 
describes  the  species  and  varieties  (ten  in  number)  occurring  in 
Fugland,  with  their  geological  and  geographical  distribution. 

In  the  second  paper  Mr.  Walker  records  the  occurrence  of  numbers 
of  the  hitherto  rare  Terebratula  bieinnata,  in  beds,  apparently  of 
Bracklesham  age,  near  Fareham,  in  Hampshire.  The  last  paper 
contains  a  list  and  descriptions  of  sixteen  new  species  and  varieties 
of  Brachiopods,  some  of  them  new  forms,  discovered  in  the  Oolitic 
strata  of  Yorkshire  since  1876. 


la  :e3  V I  Ds  ^w  s. 

I. — Bulletins  of  the  Geological  Society  of  France. 

THE  last  number  of  the  Bulletin  of  this  Society  (ser.  3,  ^ol.  xvi. 
No.  8,  1888)  contains  several  papers  of  considerable  interest. 

We  have  the  concluding  portion  of  a  paper  by  M.  (Ehlert  on  some 
Devonian  Pelecypoda,  and  this  is  illustrated  by  phototypes  of  the 
author's  drawings.  Species  of  Avicula,  Pierinea,  Cyjtricardinia, 
SnnguinoliteB,  Oontophora,  PieroniteSy  Modiomorpha,  Ctenodonta, 
Palaoneilo,  and  Gtierangeria  are  described. 

M.  W.  Kilian  gives  an  account  of  a  number  of  Cephalopoda  and 
one  Brachiupod,  from  the  Lower  Cretaceous  strata  of  Provence. 
These  include  Ammonites,  which  are  noted  under  the  perplexing 
names  of  Lytocerae,  Sileaiiea,  Holcodiscwty  Pvlchelliay  and  Jloplitea ; 
also  species  of  Meteroeeras,  and  a  Bhynchonella, 

M.  B.  Zeiller  notes  the  presence  in  the  Gres  bigarre  of  the 
Vosges,  of  the  fern  Acroetichitee  rhombi/oliua, 

M.  H.  Douville  contributes  some  studies  on  Caprina^  Caprintda, 
and  PlagioptychuB, 

M.  Hebert  gives  the  second  part  of  his  paper  on  the  Cretaceous 
formation  of  the  Pyrenees,  dealing  with  the  Senonian  stage. 
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Of  more  general  interest,  perhaps,  are  the  new  stodiee  oa  the  chain 
of  8t  Beaume,  in  Provence,  by  M.  Marcel  Bertrand. 

Id  a  previoQs  oommunication  the  author  showed  that  the  strata  in 
Provence  had  been  subject  to  great  mechanical  disturbance,  for 
remnants  of  Triassic  and  Jurassic  strata  were  found  reposing  cm 
Upper  Cretaceous  rocks.  He  now  gives  additional  examples  of  these 
'*  pA^ofTienen  de  recouvrement"  and  draws  attention  to  evidences  of 
remarkable  twisting  in  the  overfolded  strata  and  to  sinuosities  that 
were  subsequently  produced. 

Taking  a  section  across  the  region  from  St.  Zaoharie  to  St.  Beaume, 
he  illustrates  how  the  Jurassic,  the  Neocomian  and  Cretaceous  strata 
are  inverted  on  the  north,  being  bent  over  in  that  area  towards  the 
south  ;  while  further  south  the  strata  are  plicated  and  faulted  in 
places,  but  the  faults  are  represented  as  dying  out  deep  down  in  the 
folds  to  whose  influence  they  are  due.  In  the  troughs  of  the 
synclinals  are  preserved  remnants  of  Jurassic  strata  which  rest  on 
Upper  Cretaceous  beds. 

The  explanation  of  these  structures  is  given  in  an  accompanying 
diagram.  The  Jurassic,  Neocomian  and  Cretaceous  strata  that  were 
laid  down  in  sequence  (interrupted  by  the  local  overlap  of 
Neocomian  by  newer  strata)  were  considerably  denuded;  great 
lateral  compression  followed,  and  this  was  attended  by  the  remarkable 
overfolding  of  the  strata  in  both  the  northern  and  southern  portions 
of  the  region.  The  beds  were  sharply  bent  over  and  pushed 
forward,  so  that  the  uppermost  strata  in  the  overfolds  were 
disrupted,  and  the  overfolds  became  over- thrusts  or  thrust-planes — 
the  disturbance  in  tlie  north  being  the  more  pronounced.  Further 
compression  led  to  undulations  in  the  mass  of  the  strata,  so  that  the 
comparatively  undisturbed  beds  beneath  and  the  superincumbent 
overthrust  beds  were  together  plicated.  Subsequent  denudation  has 
left  as  it  were  only  outlying  patches  of  the  older  overthrust  rocks, 
and  these  are  portions  that  occupied  the  synclinal  folds,  having  by 
reason  of  their  structure  withstood  the  agents  of  denudation.  Ill  us 
the  mechanical  agents  have  left  their  impiint  for  the  most  part  in 
relief,  and  the  confused  character  of  the  topography  finds  an 
explanation.  These  great  earth-movements,  it  should  be  added,  took 
place  before  the  Tertiary  strata  were  deposited. 

The  chief  interest  in  this  district  is  in  the  evidence  afforded  of  the 
double  folding,  and  in  the  overfolds  on  the  north  and  on  the  south 
being  inclined  the  one  towards  the  other.  Such  a  structure  reminds 
the  author  of  the  celebrated  section  in  the  Alpes  de  Olaris  by 
M.  Heim.  a  B.  W. 

II. — The  Geological  Survey  of  Bavabia. 

GEOGNosTisonE  Jahkeshefte.  Erster  Jahrgung  1888.  Heraus- 
gegeben  von  der  geognostischen  Abtheilung  des  K.  Bayer. 
Oberbergamtes  in  Miinchen.     (Cassel,  Fischer.) 

IN  this,  the  first  year-book  brought  out  by  the  Geological  Survey 
of  Bavaria,  there  are  some  important  papers  on  the  geology  of 
that  country.     Amongst  others,  Dr.  von  Ammon  gives  a  description 
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of  the  fauna  in  the  brackish  Tertiary  strata  of  Lower  Bavaria, 
ilhistrated  by  a  plate;  Dr.  Leppla  writes  on  the  Bimter  Sandstone 
in  the  Haardtgebirge,  and  also,  in  association  with  A.  Schwager,  on 
the  Nepbelio-Basalt  of  Oberleinleiter ;  Dr.  H.  Thiirach  reviews  the 
diTisions  of  the  Eeuper  in  Northern  Franoonia  as  compared  with 
those  of  adjoining  areas ;  and  Prof.  v.  Qiimbel  contributes  some  very 
interesting  supplementary  notes  to  the  geology  of  the  Bavarian 
Alps.  In  one  of  these  he  calls  attention  to  the  succession  of  Ore- 
faceons  beds  in  the  Algauer  Alps,  and  mentions  that  an  important 
deposit  of  green  sandstone  exposed  on  the  border  of  the  Illerthnl, 
which  had  been  regarded  by  Murchison  in  1849  as  a  passage-bed 
between  the  Cretaceous  and  Eocene  Nummulitic  strata,  had  been 
proved,  by  the  fossils  lately  discovered  in  it  by  Prof.  v.  Zittel,  to 
belong  to  a  distinct  horizon  of  the  Upper  Chalk  not  hitherto  known 
in  the  district.  Oiimbel  also  confirms  the  discovery,  first  made  by 
Professor  Penok,  of  the  interglacial  age  of  the  beds  of  brown  coal 
near  Sontbofen,  which  have  been  deposited  between  two  beds  of 
boulder  material  with  striated  erratics.  The  coal  is  now  extensively 
worked  for  fuel.  A  peculiar  feature  of  some  of  the  erratic  boulders 
is  that  they  are  now  completely  hollow.  They  appear  to  have  been 
originally  of  dolomite,  and  by  the  action  of  carbonated  water  the 
inner  portions  have  been  dissolved  and  removed,  leaving  only  a  hard 
surface  crust 

Another  interesting  fact  in  connection  with  the  Algauer  Alps  is 
that  certain  crystalline  schists  exposed  in  the  Rettenschwanger  Tlial, 
which  have  been  hitherto  regarded  as  of  the  age  of  the  Bunter  Sand- 
stone, now  prove  to  be  Archaean,  and  indicate  the  existence  of  a 
ridge  of  these  old  rocks  on  the  margin  of  the  Alps. 

Prof.  Giimbel  further  points  out  that  the  springs  of  petroleum 
which  have  long  been  known  on  the  western  slopes  of  the  Tegernsee 
are  probably  derived  from  dark  bituminous  shales,  filled  with  fihh 
remains,  which  occur  in  the  Haiiptdoloniite.  The  shales  are 
economically  worked  for  asphalt  at  Seefeld,  but  the  borings  for  oil 
at  the  Tegernsee  have  been  unsuccessful,  only  small  quantities 
having  been  met  with.  Q.  J.  H. 
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I._May  8,  1889.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read : — 

1.  "The  Rocks  of  Aldemey  and  the  Casquets."  By  the  Rev. 
Edwin  Hill,  M.A.,  P.G.S. 

The  author  in  this  paper  described  Aldemey,  Burhou,  with  its 
Borronnding  reefs,  and  the  remoter  cluster  of  the  Casquets,  all 
included  within  an  area  about  10  miles  long. 

Aldemey  itself  consists  in  most  part  of  crystalline  igneous  rocks, 
homblendic  granites  of  varying  constitution  which  resemble  some 
Gaemsey  rocks,  bat  seem  more  nearly  connected  with  those  of 
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Herm  and  Sark.  These  are  pierced  by  various  dykes,  and  among 
them  by  an  intrusion  containing  olivine,  which  may  be  placed  with 
the  group  of  picrites.  There  is  also  in  the  island  a  dyke  of  mios- 
trap. 

The  eastern  part  only  of  Aldemey,  but  the  whole  of  BurhoD,  the 
Casquets  and  their  neighbouriug  reefs,  consist  of  stratified  rocks. 
I'bese  contain  rare  beds  of  fine  mudstone,  but  are  generally  finlse- 
bedded  sandstones,  and  grits,  sometimes  with  pebbles,  often  rather 
coarse  and  angular,  occasionally  becoming  typical  arkoses.  At  a 
])oint  on  the  southern  cliffs  of  Aldemey  they  may  be  seen  to  rest  on 
the  crystalline  igneous  mass.  A  series  identical  in  constitution  and 
aspect  occurs  at  Omonville,  on  the  mainland,  a  few  miles  east  of  Cap 
La  Hague  (as  had  also  been  noticed  a  few  months  earlier  by 
M.  Bigot).  These  have  been  correlated  with  others  near  Clierbourg, 
and  described  as  underlying  the  "  gres  Armoricain."  The  Aldemey 
grits  therefore  form  part  of  a  series  which  can  be  traced  over  80 
miles,  and  which  belongs  to  the  Upper  Cambrian  (of  Lapworth). 

Remarks  were  made  on  the  Jersey  conglomerates  (Ansted's  con* 
jectural  identification  of  these  with  the  Aldemey  grits  being 
approved),  on  the  resulting  evidence  that  the  Jersey  rbyolites  are 
not  Permian,  but  Cambrian  at  the  latest,  on  the  still  earlier  age  of 
the  Guernsey  syenites  and  diorites,  and  on  the  antiquity  of  the 
Guernsey  gneisses. 

2.  "  On  the  Ashprington  Volcanic  Series  of  South  Devon."  By 
the  late  Arthur  Champernowne,  Esq.,  M.A.,  F.G.S.  Communicated 
by  Dr.  A.  Geikie,  F.R.S.,  F.G.S. 

The  author  described  the  general  characters  of  the  volcanic  rocks 
that  occupy  a  considerable  area  of  the  country  around  Ashprington, 
near  Totnes.  They  comprise  tuffs  and  lavas,  the  latter  being  some- 
times amygdaloidal  and  sometimes  fiaggy  and  aphanitic.  The 
aphanitic  rocks  approach  in  character  the  porphyritio  *'  schalsteins  *' 
of  Nassau.  Some  of  the  rocks  are  much  altered ;  the  felspars  are 
blurred,  as  if  changing  to  saussurite,  like  the  felspars  in  the  Lizard 
gabbros.  In  other  cases  greenish  aphanitic  rocks  have,  by  the  de- 
composition of  magnetite  or  ilmenite,  become  raddled  and  earthy  in 
appearance,  so  as  to  resemble  tuffs.  ITie  beds  are  clearly  inter- 
calated in  the  Devonian  group  of  rocks,  and  the  term  Ashprington 
Series  is  applied  to  them  by  the  author.  Although  this  series 
probably  contains  some  detrital  beds,  there  are  no  true  grits  in  it. 
Stratigraphically  the  series  appears  to  come  between  the  Great 
Devon  Limestone  and  the  Cockington  Beds,  the  evidence  being 
discussed  by  the  author,  however,  not  so  fully  as  he  had  intended, 
as  the  paper  was  not  completed. 

II.—May  22,  1889.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President, 
in  the  Chair. — ITie  following  communications  were  read  : — 

1.  "Notes  on  the  Hornblende  Schists  and  Banded  Crystalline 
Bocks  of  the  Lizard."     By  Major-Gen.  C.  A.  McMahon,  F.G.S. 

The  Lizard  district  has  been  visited  by  the  author  on  three 
occasions   during  the  years   1887-8-9,  and   the  specimens  of  the 
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rocks  oollected  were  sabjeoted  to  miorosoopio  examination.  After 
sammarizing  the  work  of  previons  writers,  the  author  proceeded  to 
oonsider  the  hornblende  schists.  He  described  these  rocks  and  gave 
a  table  showing  their  constituent  minerals.  He  noted  the  absence 
of  quartz,  the  presence  of  pyroxene,  and  the  fact  that  the  minerals 
present  are  those  commonly  met  with  in  Tolcanic  rocks  either  as 
original  minerals  or  as  secondary  products,  and  he  considers  that  the 
microscopic  study  of  the  schists  confirms  the  opinion  of  some 
preTious  writers  that  the  schists  had  a  volcanic  origin  and  consisted 
principally  of  ash-beds.  The  absence  of  free  quartz  militates 
strongly  against  the  supposition  that  they  were  originally  sedi- 
mentary rocks  of  an  ordinary  character,  whilst  the  fact  of  their 
being  bedded  shows  that  they  are  not  plntonic.  The  author  has 
found  no  evidence  that  the  foliation  of  these  rocks  is  due  to  dynamic 
deformation,  and  gives  reasons  for  supposing  that  such  was  not  the 
case.  The  rock  seems  to  have  been  originally  homogeneous,  and  its 
banding  produced  at  a  later  stage  by  the  segregation  of  the  horn- 
blende in  planes  parallel  to  the  bedding. 

The  rocks  furnish  abundant  evidence  of  the  action  of  water,  as 
shown  by  the  presence  of  calcite,  chlorite,  steatite,  and  other  pro- 
ducts of  aqueous  action,  as  well  as  by  channels  fringed  with  magne- 
tite, ferrite,  or  limonite.  The  action  of  water  in  converting  augite 
into  hornblende  may  be  distinctly  traced  when  the  slices  still  contain 
pyroxene.  The  production  of  periodical  currents  of  water  through 
the  water-bearing  strata  adjoining  the  roots  of  a  volcano  was  com- 
mented on,  and  the  author  suggested  that  the  banding  of  the  horn- 
blende schists  was  produced  by  such  water  leeching  out  unstable 
minerals,  such  as  pyroxene,  from  the  spaces  between  the  planes  of 
lamination,  and  the  formation  of  comparatively  stable  minerals, 
such  as  hornblende,  along  those  planes.  The  Lizard  rocks  contain 
good  examples  of  the  formation  of  hornblende  in  the  wet  way,  that 
mineral  having  been  deposited  in  cracks  in  such  a  way  as  to  join 
together  the  ends  of  hornblende  crystals  severed  by  these  cracks. 

The  "  granulitic "  group,  of  which  the  author  gave  a  table 
showing  the  constituent  minerals,  was  then  described.  Judged  by 
their  mineralogical  contents  the  dark  bands  consist  of  diorite  and 
the  white  bands  of  granite. 

The  author  considers  that  portions  of  this  group  consist,  like  the 
hornblende  schists,  of  converted  ash-beds,  but  that  other  portions 
are  composed  of  intrusive  diorites  of  later  date,  the  quasi-bedded 
appearance  of  both  being  due  to  the  injection  of  granite.  He 
pointed  out  that  the  quasi-banding  is  very  irregular  in  its 
character,  that  the  bands  inosculate,  bifurcate,  aud  entangle  them- 
selves in  complicated  meshes  inconsistent  with  the  idea  of  regular 
banding,  and  that  they  are  deflected  by  the  blocks  of  serpentine 
imbedded  in  the  dioritio  portions  of  the  granulitic  rocks  as  well  as 
by  the  porphyritio  crystals  of  felspar  contained  in  the  latter.  In 
certain  places,  as  on  the  foreshore  at  Eennack  Cove,  the  intrusive 
character  of  the  granitic  veins  is  undoubted,  as  they  cut  through 
the  diorite  in  all  directions,  but  they  graduate  into  bands  of  normal 
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character.  The  author  oonaiders  that  the  prooeaa  of  injection  was 
aided  by  the  plasticity  of  the  '<  granulitio "  beds  induced  by  the 
neighbourhood  of  igneous  masses ;  also  in  the  case  of  sub-maiine 
ash-beds  by  the  planes  of  sedimentation ;  and  in  the  case  of  intruded 
sheets  of  diorite,  by  the  foliation  parallel  to  the  bedding,  the  intrusion 
of  the  granite  being  subsequent  to  that  of  the  diorite. 

At  Pen  Yoose  a  foliated  granite,  the  author  pointed  out,  occurs  in 
association  with  a  non-foliated  gabbro  and  diorite,  a  fact  indicating 
in  his  opinion  that  the  foliation  of  the  granite  was  produced  before 
its  perfect  consolidation.  The  granite  was  the  last  to  appear  in  the 
order  of  time,  and  had  the  foliation  of  the  granite  been  produced  by 
pressure  after  cooling,  the  gabbro  and  diorite  would  also  have  been 
foliated. 

2.  '*  I'he  Upper  Jurassic  Clays  of  Lincolnshire."  By  Thomas 
Roberts,  Esq.,  M.A.,  F.G.S. 

In  Lincolnshire  it  has  generally  been  considered  that  the  Oxford 
and  Kimeridge  Clays  come  in  direct  sequence,  and  that  the  Corallian 
group  of  rocks  is  not  represented.  The  author,  however,  endeavoured 
to  show  that  there  is  between  the  Oxford  and  Kimeridge  a  zone  of 
clay  which  is  of  Corallian  age. 

Six  palsBontological  zones  were  recognized  in  the  Oxford  Clay. 
The  clays  which  come  between  the  Oxford  and  Upper  Kimeridge 
the  author  divided  into  the  following  zones  : — 

(1)  Black  selenitiferous  clays.  (2)  Dark  clays  crowded  with 
Ofttrea  deltoidea.  (3)  Clays  with  Ammonite$  alternans ;  and  (4) 
clays  in  which  this  fossil  is  absent. 

The  black  selenitiferous  Clays  (1)  are  regarded  as  Corallian, 
because  (a)  They  come  between  the  Oxford  Clay  and  the  basement 
bed  of  the  Kimeridge.  (6)  Out  of  the  23  species  of  fossils  collected 
from  this  zone  22  are  Corallian.  (c)  Osirea  deltoidea  and  GryphcBa 
dilatata  occur  together  in  these  clays,  and  also  in  the  Corallian,  but 
in  no  other  formation. 

The  zones  2,  3,  and  4  are  of  Lower  Kimeridge  Clay  age.  The 
lowest  zone  (2)  is  very  persistent  in  character,  and  is  met  with  in 
Yorkshire,  Cambridgeshire,  Oxfordshire,  and  the  South  of  England. 
The  remaining  zones  (3  and  4)  are  local  in  their  development 

3.  **  Origin  of  Movements  in  the  Earth's  Crust."  By  James  B. 
Kilroe,  Esq.     Communicated  by  A.  B.  Wynne,  Esq.,  F.G.S. 

The  author  is  convinced  that  a  very  important  factor  has  been 
omitted  from  the  usual  explanation  offered  in  accounting  for  the 
vast  movements  which  have  obtained  in  the  earth's  crust  Bis 
acknowledgments  are  due  to  Mr.  Fisher  for  the  extensive  use 
made  of  his  valuable  work.  He  also  refers  frequently  to  the  views 
and  publications  of  other  writers  on  terrestrial  physics.  From  a 
somewhat  conflicting  mass  of  figures  he  concludes  that  about  20 
miles  would  remain  to  represent  the  amount  of  radial  contraction 
due  to  cooling  during  the  period  from  Archaean  to  Becent  times, 
corresponding  to  a  circumferential  contraction  of  120  miles.  •  This 
will  have  to  be  distributed  over  widely  separate  periods,  at  each  of 
which  there  is  abundant  evidence  of  lateral  compression. 

But  he  considers  that  thva  B\\T\iikci^<b  ^Voxi^  v^vVl  wot  account  for 
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all  the  plication  or  distortion  of  strata  which  constitnte  ro  important 
a  factor  in  mountain-making,  and  he  is  disposed  to  supplement  it  in 
the  way  to  which  allusion  has  already  been  made  by  Mr.  Wynne  in 
a  recent  Presidential  Address,  viz.  by  considering  the  effects  of  the 
attenuation  of  strata  under  superincumbent  pressure  from  deposition 
in  subsiding  areas,  which  involves  the  thickening,  puckering,  redu- 
plication, and  piling  up  of  strata  in  regions  where  pressure  has  been 
lessened.  It  should  be  noted  that,  until  disturbance  of  "  cosmical 
equilibriam"  takes  place,  mere  pressure  does  not  produce  meta- 
morphism.  The  extent  of  these  lateral  movements  is  described,  and 
it  is  asserted  that  the  theories  hitherto  adopted  to  account  for  plica- 
tion, etc.,  are  inadequate. 

The  origin  of  the  horizontal  movements  is  further  discussed  on 
the  hypothesis  that  solids  can  flow  after  the  manner  of  liquids,  when 
they  are  subjected  to  sufficient  pressure.  He  considers  that  the 
displacement  in  N.W.  Scotland  may  have  been  imitated  by  the 
force  due  to  contraction  and  accumulating  in  the  crust  throughout 
the  periods  marked  by  the  deposition  of  Torridon  Sandstone  and 
Silurian  stata,  the  elements  of  movement  finding  an  exit  at  the 
ancient  Silurian  surface.  In  this  case  the  pile  of  Silurian  strata 
formerly  covering  the  region  now  occupied  by  the  North  Sea  and 
part  of  the  Atlantic  forced  the  lowest  strata  to  move  laterally,  the 
protuberances  of  the  underlying  pre-Silurian  rocks  being  also 
involved  in  the  shearing  process.  Similar  results  occur  in  other 
mountain  areas.  The  strata  compressed  have  been  greatly  attenuated, 
and  extended  in  proportion ;  in  this  way  we  may  account  for  the  piling 
up  of  strata  by  contortion  in  certain  regions.  The  connexion  of 
this  interpretation  with  Malet's  theory  of  volcanoes  is  also  indicated, 
and  the  author  concludes  by  applying  these  views  to  other  branches 
of  terrestrial  physics. 


FOLUTION  IN  THE  MALVERN  HILLS. 

Sir, — I  ask  permission  to  make  a  brief  explanation  in  reference 
to  the  debate  on  Oeneral  Macmahon's  memoir  read  before  the  Geo- 
logical Society  on  May  22nd.  The  published  summary  of  the  dis- 
cussion attributes  to  Mr.  J.  J.  H.  Teall  the  statement  that,  in  a 
paper  read  at  a  previous  meeting,  **  foliation  was  actually  taken  as 
evidence  of  deformation."  llie  paper  *  here  referred  to  was  one  read 
by  me  on  April  17th.  Taken  without  qualification,  Mr.  TealFs 
remark  does  not  accurately  express  my  views.  Nothing  is  more 
certain  than  that  foliation  has  been  produced  in  more  ways  than 
one,  and  this  I  have  repeatedly  said  and  printed.  In  the  Malvern 
Hills,  however,  I  hold  that  foliation  is  always  the  result  of  deforma- 
tion. This  conclusion  is  not  assumed,  but  is  based  upon  the  fact 
that,  wherever  the  rock  lying  between  an  igneous  mass  and  a  schist 
is  exposed,  a  gradation  between  the  two  can  be  traceil,  and  the  pro- 

^  See   Bammary  of  it  in   Oeol.  Mao.  for   June,  p.  285.      The  discussion  of 

Sipers,  is  omitted  from  the  Beports  given  in  the  Magazine  from  want  of  s^jace. — 
DIT.  G.  M. 
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gressive  deformation  can  be  shown  under  the  mioroaoope.  I  baTe  a 
right  to  say  "  wherever/'  because  I  do  not  think  there  is  a  single 
exposure  of  any  magnitude  in  the  entire  chain  which  I  have  failed 
to  examine,  and  the  most  critical  sections  I  have  visited  repeatedly. 
My  paper  of  April  17th  treated,  not  so  much  of  the  origin  of  tbe 
schists  in  question,  as  of  the  production  of  some  of  the  constituent 
minerals.  The  evidence  offered  under  the  former  head  was  accord- 
ingly very  incomplete,  and  a  great  part  of  the  debate  seemed  to  me 
rather  premature.  I  hope  my  critics  will  visit  the  Malvern  region, 
and  will  favour  me  with  their  opinion  when  I  read  my  paper  on  tbe 
main  question.  Ch.  Callaway. 

Wellington, /MfM  IIM,  1889. 


ROBERT    DAMON,    F.G.S. 

Born,  1814 ;  Died,  1889. 

We  regret  to  record  the  death  of  Mb.  Robert  Damon,  F.G.S., 
of  No.  4,  Pulteney,  Weymouth,  Dorset,  the  well-known  Geologist 
and  Naturalist,  which  occurred  suddenly  from  heart-disease,  on 
Saturday  the  4th  May.  He  was  the  author  of  an  excellent  work  on 
**  The  Geology  of  Weymouth,  and  tbe  Isle  of  Portland,"  and  was  a 
most  extensive  traveller  and  an  assiduous  collector.  He  procured 
a  marvellous  series  of  Cretaceous  fossil  Fishes  from  the  Lebanon, 
Syria,  now  in  tbe  British  Museum  (Nat.  Hist),  tdao  the  most  com- 
plete example  of  the  skeleton  of  that  rare  extinct  Sirenian  "  Steller's 
Sea-cow,"  from  Bebring  Island.  Although  in  his  76tb  year,  be  con- 
templated an  expedition  to  Siberia  in  order  to  obtain  an  entire 
Mammoth's  skeleton  for  the  National  Museum.  Mr.  Damon  fre- 
quently visited  Moscow  and  St  Petersburg,  and  was  a  Corresponding 
Member  of  tbe  Imperial  Society  of  Natural  History,  Moscow,  and  of 
other  learned  bodies  in  various  parts  of  tbe  world.  Only  a  few 
years  since  he  took  passage  from  Nijni  Novgorod  down  the  Volga  to 
Astrakhan,  where  be  made  the  first  collection  of  the  fishes  of  the 
Caspian  Sea  yet  brought  to  this  country. 

He    lately   purchased    the    celebrated    collections    forming   the 

"  Museum  Godeffroy  "  in  Hamburg,  together  with  the  published 

catalogues  of  that  museum  prepared  by  various  eminent  natm^ists. 

In  his  native  town  of  Weymouth,  Mr.  Damon  exercised  great  influence  for  good 
amongst  his  fellow-townsmen,  by  whom  he  was  greatly  honoured  and  valued  for  ^e 
integrity  and  uprightness  of  his  character,  and  ms  large-hearted  sympathy  with  all 
cases  of  distress.  His  charities  were  performed  without  ostentation,  ana  only  the 
recipients  ever  knew  the  kind  friend  who  helped  them  in  their  time  of  need.  His 
loss  will  long  be  felt  by  a  very  wide  circle  of^  friends,  in  all  parts  of  the  world,  by 
whom  he  was  warmly  esteemed  and  greatly  respected.  His  son,  Mr.  E.  F.  Damon, 
now  carries  on  his  father*s  extensive  Natural  History  Agency  in  Weymouth. 

Henbt  William  Bbistow,  F.R.S.,  F.G.S. ,  late  Director  of  the  Geological 
Survey  of  England. — We  have  to  announce  the  death  on  the  14th  of  June,  of  this 
eminent  geologist,  at  the  age  of  72.  Mr.  Bristow  had  for  some  time  past  been  an 
invalid.    We  hope  to  publish  a  notice  of  his  scientific  labours  in  the  August  number. 
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I. — The  Lias  Mablstome  or  Tilton,  Lbiobstebshire. 

By  E.  Wilson,  F.G.S.,  and  W.  D.  Crick, 
With  PalsBontological  Notes  by  E.  Wilbon,  F.G.S. 

(PLATE  X.) 

{Qmeluded  from  th$  July  Number ^  p.  305.) 

Cabdinia  Slattebi,  Walford,  1878.     Plate  X.  Figs.  1,  2. 

1878.  Itoeardia?  Slatteri,  Walford,  '*  On  some  Middle  and  Upper  Lias  Beds  in  the 
Neighbourhood  of  Banbury,"  Proc.  Warwick  Nat.  and  Arch.  Field  Club, 
1878,  p.  49.  1879.  Isocardia^  sp.  in  reprint  of  same  paper,  pp.  16,  20, 
fig.  5  m  plate. 

Description, — Shell  trigonal,  thick  ;  umhones  large,  angulated  and 
terminal,  ending  in  acute  points,  which  curve  downwards,  forwards, 
and  a  little  outwards ;  the  sides  of  the  shell,  triangular  in  form, 
slightly  excavated  and  highly  inclined  to  the  areas,  are  hounded  hy 
prominent  carinsB,  an  acute  carina  separating  the  side  from  the 
slightly  concave  triangular  area  in  front,  and  a  more  rounded  carina 
separating  it  from  the  slightly  convex  triangular  area  behind.  The 
valves  are  marked  with  strongly  defined  and  somewhat  sinuous  sub- 
imbricating  lines  of  growth  at  wide  and  fairly  regular  intervals, 
between  which  may  be  discerned  numerous  fine  lines  of  growth. 
Lunule  small  and  deep.  Cardinal  tooth  elongated,  oblique  and  pro- 
minent in  the  right  valve,  small  and  triangular  in  the  left.  Anterior 
lateral  tooth  of  right  valve  obtusely  conical  and  very  prominent, 
received  into  a  deep  socket  in  the  corresponding  valve,  immediately 
above  the  impression  of  the  anterior  adductor  muscle;  posterior 
lateral  tooth  in  left  valve  elongated,  longitudinally  grooved  and 
attenuated  towards  the  umbo;  muscular  impressions  deeply  sunk 
into  the  substance  of  the  shell,  the  anterior  triangularly  ovate,  the 
posterior  oval-oblong ;  pallial  line  not  discernible  in  specimens 
examined ;  ligament  external,  groove  for  its  insertion  elongated, 
shallow  and  curved  concentrically  with  the  dorsal  margin  of  the 
shell.     Height  of  shell,  18  to  25  mm. ;  breadth,  21  to  29  mm. 

Note. — This  shell  has  somewhat  the  form  of  an  Opis^  and  is  very 
like  Opis  Ferryiy  Dumortier  (Depots  Jurassiques,  pt.  3,  p.  264, 
pi.  XXX.  fs.  4-6) ;  but  it  differs  from  that  shell  by  its  more  strongly 
curved  outlines,  absence  of  longitudinal  ribs,  and  larger  size. 
Possibly  that  form,  as  well  as  certain  other  trigonal  bicarinated 
shells  having  imbricating  growth  layers — and  the  hinge  characters 
UBCADB  ni. — roL.  n, — no,  vtii.  Tl 
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of  whiob  have  not  been  noticed — may  eventually  be  fonnd  to  fall 
under  the  genua  Cardinia, 

lliia  foasil  was  first  discovered  by  Mr.  E.  A.  Walford,  F.G.8.,  in 
tbe  Marlstone  and  Middle  Lias  Transition-bed  of  Aston>le-Wall  and 
Appletree,  Northamptonshire,  and  referred  to  in  ibis  author's  paper 
above  cited,  and  figured  bat  not  described  in  the  reprint  of  same, 
under  the  name  Isocardia  Slatteri,  Walford.  At  that  time  the  hinge 
characters  had  not  been  made  out,  and  consequently  the  generic 
identification  was  made  with  some  diffidence.  Mr.  Crick  has  since 
found  an  almost  perfect  left  valve  of  this  shell  on  the  East  Norton 
embankment,  and  Mr.  Walford  has  kindly  lent  me  a  right  valve,  in 
which  also,  now  that  the  matrix  has  been  cleaned  out,  the  hinge 
characters  are  clearly  displayed  (see  PI.  X.  Fig.  2).  These  hinge 
characters  are  essentially  those  of  a  Cardinia,  as  also  is  the  mode  of 
growth,  and  to  that  genus  I  therefore  without  hesitation  refer  this 
shell,  and  in  this  view  Mr.  Walford  concurs. 

Marlstone  Rook,  Tilton  (East  Norton  embankment). 

Pinna  Tiltonensis,  sp.  nov.    Plate  X.  Fig.  3. 

Shell  elongated,  lanceolate,  anterior  and  posterior  borders  with 
nearly  straight  edges,  but  slightly  convex  ;  with  conoentrio  longitn- 
dinal  plicae,  which  towards  the  umbo  become  broken  up  and 
mammillated ;  the  posterior  half  of  each  valve  is  ornamented  with 
slender  radial  costsa,  which  are  regular  and  equally  spaced  except 
the  two  lower  or  median  ones,  which  are  more  slender  and  wider 
apart ;  about  half  only  of  the  radial  costas  reach  the  ventral  border 
of  the  shell ;  these  radial  striae,  where  they  cross  the  plicae  of  growth, 
form  a  neat  meshwork,  and  are  as  a  series  interrupted  at  intervals, 
where  they  take  an  oblique  direction  for  a  short  distance  so  as  to 
present  a  distorted  appearance.  We  have  two  examples  of  this 
shell ;  both  are  incomplete,  and  the  best-preserved  specimen  which  is 
figured  is  very  much  compressed  ;  hence  the  materials  for  founding  a 
species  are  not  the  most  satisfactory,  and  the  above  name  must  he 
considered  therefore  as  provisional. 

Marlstone  Rock,  Tilton  (East  Norton  embankment). 

Inooeramus,  sp.      Plate  X.  Figs.  4,  4a. 

Shell  markedly  inequivalve,  moderately  inflated,  longer  than 
broad,  broadly  flattened  posteriorly  in  the  left  valve,  acuminated 
towards  the  umbones,  which  are  prominent,  pointed,  approaching  and 
recurved ;  the  valves  are  marked  with  irregular  longitudinal  ridges 
and  furrows,  and  finer  concentric  lines  of  growth,  and  by  rather  ill- 
defined  and  irregular  radial  strias,  which  at  their  intersections  give 
an  irregularly  mammillated  and  pitted  aspect  to  portions  of  the  shell. 
This  shell  diflers  in  its  form  and  markings  from  all  the  Jurassic 
Inocerami  with  which  I  am  acquainted  ;  but  having  only  a  single  and 
incomplete  specimen,  I  hesitate  to  impose  a  new  name.  Should  it 
eventually  appear  that  we  have  here  a  new  species,  the  name 
InoceramuB  Tiltonensis  might  be  given  to  it. 

Marlstone  Rock,  Tilton  (East  Norton  embankment). 
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EODIADEMA  OBANULATA. 

The  beautiful  specimens  of  this  Middle  Lias  Echinoid  belong  to 
a  new  genas,  the  description  of  which  will  be  found  in  '<  A  Be  vision 
of  the  Oenera  (Fossil  and  Recent)  of  the  Echinoidea,"  Journ.  Linn. 
Soc.  vol.  xxiii.  1889,  by  Prof.  P.  Martin  Duncan,  F.R.S.,  etc.  The 
following  is  the  diagnosis. 

Grenus  EodiiMdema^  Dune.  1889. 

Test  small,  thin,  circular  in  tumid  marginal  outline,  sub-conical 
dorsally,  tumid  and  reentering  actinally,  broader  than  high.  Apical 
system  moderate  in  size,  oToid  or  elliptical  in  outline  at  the  peri- 
proct :  five  large  basal  plates,  four  in  contact,  but  the  fifth  or  posterior 
separated  from  the  others  on  either  side  by  radial  plates,  which  thus 
enter  the  ring.  Ambulacra  narrow,  straight,  wider  than  the  inter- 
radia  at  the  peristomial  margin,  narrower  elsewhere;  poriferous 
zones  narrow,  pairs  of  pores  numerous,  in  single,  simple,  vertical 
series,  barely  any  crowding  near  the  peristome;  plates  all  low 
broad  primaries ;  interporiferous  areas  rather  broad,  crowded  with 
blunt  granules  dorsally,  some  larger  granules  near  the  poriferous 
zones,  and  giving  place  at  the  ambitus  to  some  very  small  crenulate 
perforated  tubercles,  which  diminish  actinally.  Interradia  broad, 
plates  not  numerous,  broader  than  high ;  two  vertical  rows  of  per- 
forate, crenulate  and  scrobiculate  tuherdes  in  each  area,  a  few  large 
at  the  ambitus,  and  all  becoming  rapidly  small  and  almost  obsolete 
dorsally,  or  replaced  there  by  granulation,  diminishing  also  actinally. 
Scrobicules  of  the  ambital  tubercles  large,  usually  coalescing.  A 
large  blunt  granulation  occurs  beyond  the  scrobicular  circles,  except 
on  angular  median  spaces  contiguous  with  the  basal  plates  where 
there  are  no  granules.  Peristome  decagonal,  sunken,  small,  with 
well-marked  branchial  incisions. 

The  position  of  this  genus  is  in  the  family  Diadematide  and  in 
the  sub-family  OrthopsinsB. 

EoDiADEHA  GBANULATA,  sp.  uov.     Plate  X.  Figs.  5,  6a,  56,  Be, 

Test  small,  sub-conical  above  the  tumid  ambitus,  circular  in 
ambital  outline.  Apical  system  with  granulated  basal  plates,  with 
large  perforations ;  the  posterior  radial  plates  large,  separating  the 
fifth  basal  plate  and  entering  the  periprocteal  ring ;  the  others  smaller, 
triangular  and  excluded.  A  raised  rim  around  the  periproct. 
Poriferous  zones  somewhat  sunken ;  all  plates  simple  primaries ; 
tubercles  very  small  in  two  vertical  rows.  Dorsal  surface  of  interradia, 
except  in  the  median  lines  down  to  varying  distances  towards  the 
ambitus,  very  boldly  granulate ;  in  the  triangular  spaces,  from  the 
basal  plates  along  the  median  lines  there  is  but  slight  granulation  or 
it  may  be  absent.^  About  five  large  primary  tubercles  in  each  inter- 
radium  at  the  ambitus,  perforate,  crenulate,  and  with  coalescing 
scrobicules.  Peristome  reentering ;  with  branchial  incisions  limited 
by  raised  lines.     Height,  6  mm. ;   breadth,  12  mm. 

Marlstone  Rock,  Tilton  (East  Norton  embankment). 

*  The  otherwise  faithful  drawing,  Fig.  5a,  should  have  fewer  granules  upon  the 
interradial  plates  dose  to  the  hasal  plates. 
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Ohyohitbs,  sp.    Plate  X.  Fig.  6. 

Two  of  the  peculiar  bodies  known  by  this  name  were  obtained  by 
Mr.  B.  Thompson,  F.6.S.,  from  the  East  Norton  embankment 

The  specimen  here  6gured  may  be  described  as  follows :  Gylin* 
drical  curved  hollow  body  tapering  to  a  point  at  each  end,  somewhat 
constricted  in  the  middle  (3  mm.  in  diameter)  and  expanded  towards 
the  ends  (4  to  5  mm.  in  diameter),  and  flattened  and  with  acute 
edges  towards  one  end ;  this  body  is  bow-shaped,  the  points  curving 
towards  the  same  side,  but  in  planes  considerably  indined  to  each 
other ;  the  pointed  ends  are  about  4*5  centimetres  apart ;  the  shelly 
covering  is  thin,  smooth  and  apparently  structureless,  but  under 
a  high-power  lens  its  external  surface  appears  to  be  finely 
punctated ;  the  shell  is  separated  from  the  surrounding  matrix  by 
a  uniformly  narrow  hollow  space  about  *5  mm.  broad,  indicating 
apparently  the  former  presence  of  a  soft  investing  organic  layer, 
which  has  disappeared  in  the  process  of  fossilization.  At  first  sight 
these  hollow  cylindrical  bodies  look  as  if  they  might  have  belonged 
to  tubicolar  Annelids ;  but  it  is  to  be  observed  that  their  tubes  are 
closed  at  both  ends,  and  that,  as  we  have  just  seen,  there  are  indioa- 
tions  of  their  having  been  internal  and  not  external  structures. 

Thirty  years  ago,  Quenstedt  described  several  of  these  curious 
bodies  in  **  Der  Jura.'*  ^  At  one  time  it  appears  they  were  taken 
for  '^ compressed  crabs-claws"  I  Dr.  Fraas  considered  them  to  be  the 
acetabular  hooks  of  Cephalopods,  referring  them  to  OnychotetUhis,  and 
in  this  view  Quenstedt  concurred.  Messrs.  Tate  and  Blake  state  in 
*  The  Yorkshire  Lias  * '  that  they  met  with  these  pointed  organisms 
in  the  'Jamesoni  beds'  at  Peak,  agreeing  with  the  Onychitei 
numismaliSf  of  Quenstedt,  but  they  avoided  any  speculation  as  to 
their  true  nature.  I  am  inclined  to  accept  the  explanation  suggested 
by  Fraas  and  Quenstedt. 

Marlstone  Bock,  Til  ton  (East  Norton  embankment). 

EXPLANATION   OF   PLATE  X. 

Fio.  1.        Cardinia    Slatieri,  Walford.     Marlstone  Rock,    Til  ton    (East    Norton 

embankment).     Left  valve,  exterior.     Nat.  size. 

2.  Ibid.  Marlstone  Kock,  Transition-bed,  Appletree.     Right 

valve,  interior.    Nat.  size. 

3.  IHnna  Tiltoneniis^  sp.  nov.     Marlstone  Rock,  Tilton  (East  Norton  em- 

Dankment).    Nat.  size. 

4.  4a.  InoeeramuSf  sp.     Marlstone  Rock,   Tilton   (East  Norton   embankment). 

Right  and  left  valves.     Half  nat.  size. 

5.  Eodiadema  granulata^  sp.  nov.     Marlstone  Rock,  Tilton   (East  Norton 

embankment).     Side  view,  enlarged  twice. 

ba.  Ibid.  Apical  system.    Same  locality.     Enlarged  six  times. 

bb.  Ibid.  Mouth  opening.     From  another  specimen,  enlarged 

three  times. 

be.  Ibid.  Ambulacrum  and  interambulacrum,  enlarcred  six  times. 

6.  Onyehitesy  sp.     Marlstone  Rock,  Tilton  (East  Norton  embauKment). 


>> 

M 
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»  "  Der  Jura,"  p.  201.  pi.  24,  fs.  69-62,  and  pp.  246-7,  pi.  34,  fs.  2-5. 
2  "  The  Yorkshire  Lias,"  p.  448. 
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APPENDIX 

List  of  Fossils  from  the  Lias  Mablstonb 

(including  the  "  Transition  Bed  ")  of  Tilton,  Leicestershire. 


Reptilia. 
Ickthyastturusy  sp.  vertebrae. 

Cephalopoda. 
Amalthms  margaritaius,  De  Montf. 
spinatus^  Bnig. 


»f 


ft 


Harpoceras  acutum,  Tate. 

„     ffuatum^  Young  and  Bird. 
„     serpentinum^  Rein. 
Stiphanoceras  annulalumy  Sow. 
„     communt.  Sow. 
,,     senticelatym,  Simpson. 
BeUmniUs  apicicurvattis,  Blainv. 
breviformis^  Voltz. 
clavellatus.  Bean. 
paxillostu^  Schloth. 
Nautilus  truncatusy  Sow. 

Gasteropoda. 

Actaonina  fragUisy  Dunker. 

ferrea^  Wilson. 

Ilminsttrmsisy  Moore. 

sintmurUnsis^  Martin. 

Amb€rUya{Trochus)Gaudryanay  d'Orb. 

ft  ft  f»         a  var. 

Cerithium  confusum^  Tate. 
„  costulatum  ?  Desl. 
„    ftrrtum^  Tate. 

Ilminsterensis  ?  Moore. 
iiassicunif  Moore. 
reticulatum  ?  Desl. 
Chemnitzia  (?)  Periniana^  d'Orb. 

,,     (?)  (Turritella)  undulata^  Benz. 
Cryptoenia  expansa^  Sow. 
„     rotella/omiisy  Dunker. 
,,     soiarioidesj  Sow. 
Cylindrites  aqualis^  Wilson. 
Alonodonta  buUata,  Moore. 
Pseudomelania   {Chemnit:ua)    Brannch 
viensisy  Dumort. 
(Phasiandia)  turbinata,  Stol. 
sp. 
Pletirototnaria  {Turbo)  canalis,  Mii. 

{Trochus)  hflUinoideSf  Roemer. 
rustica^  Desl. 
similis  ( ^anglica),  Sow. 
Trochus  ariel,  Duroort. 
/^rV//a,  d'Orb. 
iineatuSf  Moore. 
Pethertonensisy  Moore. 
rotulus,  Stol. 
Turbo  eye lostoma^  Benz. 

rugifera^  Moore  =  T  eoronatus, 
Moore  =^  PLcostulatum^Hioox^, 
latilabniSf  Stol. 

Lamellibranchiata. 
Anomia  numismaiis,  Quenst. 


>9 


f> 

>» 
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Astarte  stricUo- sulcata  ^  Roemer. 
Cardinia  concinna^  Sow. 

„     {Isocardia)  Slatteri^  Walford. 
Ceromya  bombax^  Quenst. 
Goniomya  heteropleura^  Ag. 
Gresslya  intermedia,  Simpson. 

,,     lunulata,  Tate. 
Hinnites  abjectus,  Phillips. 

„     veiatusj  Miinster. 
Inoeeramus,  sp. 
Lima  eucharis^  d*Orb. 

„     Hermanniy  Voltz. 

„    pectinoides^  Sow. 
Limea  aeuticosta,  Miinster, 

,,     Juliana,  Dumort. 
Macrodon  Buckmanni,  Buckm. 
Modiola  numismalis,  Oppel. 

,,     ornata,  Moore. 

„     sealprum.  Sow. 
Monotis  inaquivalvis.  Sow. 
Ostrea(Gryphea)  cymbium,  var.  depressa. 
Lam. 

„     submargaritetcea,  Brauns. 
Peeten  cieitiiradiatus,  Goldfuss. 
aqurvalvis.  Sow. 
calvus,  Goldfuss. 
dentatuSy  Sow. 
lunularis,  Romer. 
priscuSf  Schloth. 
textorius,  Schloth. 
Pinna  TiUonensis,  n.sp. 
Plicatula  spinosa.  Sow. 
Protocardium  truncatum,  Sow. 
Tellina  gracilis,  Dumort. 
Unicardium  subglobosum,  Tate. 

Brachiopoda. 

Discina  reflexa.  Sow. 
Rhynchonella  acuta.  Sow.  var.  bidens, 
Phill. 

Amalthei,  Quenst. 
fodinalis,  Tate. 
tetrahedra.  Sow. 

,,     var.  Northamptonensis, 
Walker. 
Spiriferina  rostrata,  Schloth. 
7 erebratula  punctata.  Sow. 

,,  var.  Edwardsii,  Dav. 
„  var.  Jdavesfieldensis, 
Dav. 
punctata,    var.     Radstoekensis, 
Dav. 

WcUfordi,  Dav. 
Waldheimia  indentata.  Sow. 
,,     numismalis,  Lam. 
,,     resupinata,  Sow. 


*f 
t* 
** 
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Bryozoa. 

Diastopora  ooUtica^  Vine. 

„    stomcUoporoides  ?  Vine. 

Annelida. 

Ditrupa  capiiata^  Phil. 

,,     etaUnsiSy  Piette. 

,,     quinqutsulcata^  Munster. 
Scrpula  tetragona^  Desl. 

,,     tricristata,  Goldfiiss. 


ECHINODKRMATA. 

Eodiadema  grantdaia^  n.sp. 
Pentacrinus  lavis^  Miller. 

ACTIKOZOA. 
ThtcocyathuSf  sp. 

Incerta  sedis. 
OnychHes^  sp. 


II. — Subaerial  Deposits  of  the  Arid  Beqion  or  North 

America. 

By    Israel    C.    Russbll, 
of  the  United  States  Geological  Sonrey ;  Washington  D.C.,  U.S.A. 

Part  II. 
(Concluded  from  p.  295.) 

A  COMPARISON  of  adobe  with  the  loess  of  China  forms  the  con- 
eluding  part  of  this  paper ;  but  as  no  analyses  of  the  Chinese 
deposit  are  known  to  me,  a  few  analyses  of  the  loess  of  the  Missis- 
sippi Valley  are  inserted,  not  with  the  assumption,  however,  that 
the  deposits  bearing  the  same  name  in  these  two  regions  are  identical 
A  comparison  of  this  table  with  the  one  showing  the  composition  of 
adobe  is  instructive,  as  it  indicates  that  these  two  yellow  earths 
have  a  very  similar  composition.  There  are  other  respects  in  which 
they  bear  a  close  resemblance  to  each  other ;  but  as  my  acquaintance 
with  the  loess  of  the  Mississippi  Valley  is  limited,  this  comparisoii 
will  not  be  carried  further. 

Analyses  of  the  Loess  of  the  Mississippi  Valley.' 

ConstituentB.  No.  1.  No.  2.  No.  3.  No.  4. 

SiOo    72-68  64-61  74*46  60-69 

AI2O3 12-03  10-64  12-26  7-95 

Fe203 3-63  2-61  326  261 

FeO     -96  -61  -12  -67 

Ti02    -72  -40  -14  -52 

P2O5   -23  -06  -09  -IS 

MnO   -06  -06  -02  -12 

CaO     1-69  6-41  1-69  8*96 

MgO  1-11  3-69  1-12  4-56 

NaaO  1-68  136  1-43  1-17 

K2O    2-13  206  1-83  1-08 

HaO     fl2*60  fl20o  a2-70  al-14 

Cl>2 -39  6-31  -49  9*63 

SOj     -61  -11  -06  -12 

C -09  -13  -12  -19 


100-21  99-99  99-78  99-64 

a  Contains  H  of  organic  matter,  dried  at  100°  C. 

Oryanic  Remains. — The  fossils  occurring  in  adobe,  so  far  as  I  have 
been  able  to  ascertain,  are  confined  almost  entirely  to  two  classes, 
namely,  land- shells  and  the  bones  of  land-animals.     Fresh water- 

»  From  "The  Driftless  Area  of  the  Upper  Mississippi  Valley,'*  by  T.  C.  Cham- 
berlin  and  R.  D.  Salisbury,  Sixth  Ann.  liep.  U.S.  Geol.  Son-.  1884-1886,  p.  282. 
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shells  are  frequently  present,  but  their  number,  so  far  as  observed, 
in  always  small  in  oomparison  with  the  associated  land-shells. 

Samples  of  adobe  collected  near  Fort  Wingate,  N.M.,  contained 
the  following  fossils,  as  has  been  kindly  determined  for  me  by 
William  H.  Dall,  who  states  that  they  all  belong  to  living  species 
and  occur  from  Alaska  to  Mexico. 


Land -Shells. 

Suecinea  salleana  ?,  Pfr. 
Epalina  {Canulut)  chergma.  Say. 
jiytUina  ecmtpeeta.  Bland. 
Eyalina  arborea.  Say. 
Fupilla  fallax^  Say. 
Vertigo  ovata,  Say. 
Fupa  museorum,  Linn. 


F&ESHWATBR-  ShELLS. 

BythingUa  tenuipes^  Couper. 
Zimnaa  de9ido»a  P  Say. 
PUidium  virginicum  r  Bourg. 
Ptauorbis  parvut.  Say. 
Anodonta  P  (in  small  fragments). 

Crustacean  cases. 
Cyprit. 


Near  Cauon  City,  Col.,  I  saw  detached  bones,  apparently  of  the 
Bison,  which  were  obtained  at  a  depth  of  twenty  feet  in  adobe. 
Other  similar  finds  are  reported  in  the  same  region,  but  the  bones 
obtained  have  not  been  preserved.  In  one  instance,  near  the  same 
locality,  a  tooth  of  an  Elephant  was  obtained  at  a  depth  of  forty 
feet  in  the  adobe  deposit  These  bones  are  always  detached,  and  are 
true  fossils  belonging  to  the  deposit  in  which  they  occur. 

The  only  marine  shells  found  in  the  adobe  are  fossils  that  have 
been  derived  from  older  rocks.  An  instance  of  this  came  under  my 
notice  near  Canon  City,  where  fragments  of  an  Inoceramus  were 
found  in  this  deposit,  which  could  be  readily  traced  to  Cretaceous 
outcrops  near  at  hand.  These  fossils  should  be  considered  merely  as 
pebbles  so  far  as  they  relate  to  the  character  and  origin  of  the  adobe. 

Mode  of  Formation, — That  adobe  is  a  subaerial  deposit  derived 
from  the  waste  of  surrounding  mountain  slopes,  does  not  seem  open 
to  question.  Its  accumulation  is  now  in  process  and  may  be  studied 
in  all  its  details  at  thousands  of  localities;  the  most  instructive 
being  the  drainless  and  lakeless  valleys  of  Utah,  Nevada  and  neigh- 
bouring areas.  The  action  of  ephemeral  etreams  and  of  the  general 
surface  wash  in  transporting  debris  from  the  uplands  to  the  valleys 
may  be  observed  in  such  basins  at  any  time  when  rain  falls.  Tlie 
thousands  of  little  streams  and  rills,  born  in  the  hills  of  the 
Arid  Region  from  the  waters  of  passing  showers,  flow  rapidly 
down  the  steep  slopes,  loaded  with  coarse  sediment  and  turbid  with 
fine  yellow  silt  On  leaving  the  mouths  of  the  rocky  gorges,  and 
entering  one  or  more  of  the  channels  that  lead  from  them  down  the 
alluvial  slopes,  the  coarse  material  is  deposited,  and  when  the 
showers  are  transient,  the  water  disappears  by  evaporation  and  by 
percolation  through  the  material  of  the  alluvial  cones.  During  this 
process  fine  silt  is  deposited  in  the  interspaces  of  the  alluvial  cones, 
and  serves  to  make  them  more  and  more  impervious.  When  the 
rain  is  copious,  the  streams  may  continue  to  the  plain  where  the 
waters  spread  out  in  sheets  among  the  desert  shrubs,  and  deposit 
their  silt 

llie  particles  of  silt  deposited  by  the  ephemeral  streams  absorb 
the  precipitates  which  are  thrown  down  when   the  evaporation  of 
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the  water  that  transported  them  takes  plaoe.  During  the  long  bot 
Bummera  the  water  absorbed  by  the  material  filling  enclosed  basms 
if)  drawn  to  the  surface  by  capillary  attraction  and  evaporated.  In 
this  manner  additional  mineral  matter  is  precipitated  among  the 
sedimentary  deposits.  It  is  evident,  therefore,  that  the  fine  yellow 
earths  filling  enclosed  basins  owe  their  accamulation  to  both 
mechanieal  transportation  and  chemical  precipitation. 

It  may  be  suggested  in  this  connection'  that  the  coherency  of 
adobe,  which  enables  it  to  stand  in  vertical  escarpments  for  a  long 
series  of  years,  may  be  due  to  the  partial  cementation  of  its  particles 
by  the  precipitation  of  mineral  matter,  principally  calcium  carbonate, 
among  them. 

An  examination  of  the  fine  silt  in  alluvial  cones  shows  that  it  is 
identical  with  the  silt  forming  the  plains  in  the  lower  portions  of 
the  valleys  in  which  they  occur,  except  that  it  is  not  so  evenly 
assorted,  and  in  general  is  coarser.  In  both  situations  it  is  usually 
light  yellow  in  colour,  seemingly  without  reference  to  the  character 
of  the  rocks  from  which  it  was  derived.  In  addition  to  the  material 
swept  into  the  enclosed  basins  by  ephemeral  streams,  there  is 
another  source  of  supply  through  aerial  transportation.  Dust  is 
blown  from  the  mountains  overlooking  the  areas  of  accumulation 
and  from  neighbouring  valleys,  but  the  amount  thus  contributed  is 
very  small  in  comparison  with  the  vast  quantities  of  both  coarse 
and  fine  material  transported  by  water  in  the  manner  described 
above.     This  subject  is  again  referred  to  on  page  349. 

The  fine  dust  blown  into  the  air  by  volcanoes  has  also  con- 
tributed to  the  filling  of  the  valleys  of  the  Arid  Kegion.  The  total 
quantity  of  fine  particles  thus  deposited  must  be  very  great,  but  it 
has  only  been  observed  near  recent  volcanoes  in  the  neighbourhood 
of  Mono  Lake,  Cal.,  and  in  Southern  Utah.  Interstratified  with 
lacustrine  sediments  in  the  basin  of  Lake  Lahontan  ^  there  are 
deposits  of  white  volcanic  dust  aggrejijating  a  thickness  of  perhaps 
six  or  eight  feet,  which  was  derived  from  the  Mono  craters  two 
hundred  miles  away.  This  indicates  that  very  many  of  the'drain- 
less  valleys  of  Nevada  and  California  must  have  received  important 
contributions  from  the  same  source. 

Relation  of  Adobe  to  Flay  a  Deposits, — When  an  inclosed  basin 
receives  sufficient  precipitation  to  form  a  lake,  a  portion  of  the  fine 
debris  swept  down  from  neighbouring  hills  will  be  carried  into  it 
and  deposited.  In  the  Arid  Kegion  transient  water  l>odies  of  this 
nature  termed  playa  lakes  are  formed  during  every  storm.  These 
lakes  are  of  all  sizes  up  to  hundreds  of  square  miles  in  area,  but  are 
always  extremely  shallow,  a  depth  of  more  than  a  few  inches  being 
rare.  They  usually  disappear  as  quickly  as  they  came,  when  the 
storms  which  supplied  them  pass  away.  On  evaporating  they  leave 
a  smooth  plain  or  playa  of  light  yellow  mud,  which  is  of  almost 
impalpable  fineness,  and  shows  only  very  obscure,  if  any,  lines  of 
stratification.  The  last  statement  is  based  on  a  number  of  excavations 
which  have  been  made  in  such  deposits  to  a  depth  of  six  or  eight 
>  Monograph  No.  11,  U.S.  Geol.  Surv.,  1886,  p.  146. 
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feet ;  but,  a8  natural  sections  are  wanting,  the  thickness  of  these 
deposits  as  well  as  their  internal  structure  is  not  well  known. 

The  lack  of  stratification  in  playa  deposits  may  perhaps  be  due  to 
the  peculiar  conditions  under  which  they  accumulate.  The  material 
composing  them  is  fine  throughout,  but  the  waters  continue  turbid 
so  long  as  they  remain  unevaporated,  and  the  last  addition  made  to 
the  filling  of  the  basin,  in  part  a  chemical  precipitate*  is  of  exceed- 
ing fineness.  When  the  basins  are  refilled,  this  mud  is  quickly 
saturated,  and  may  be  again  taken  in  suspension  and  in  part  redis- 
solved.  The  deposits  of  various  rainy  periods  may  in  this  way  be 
mingled  so  intimately  that  no  lines  of  stratification  would  appear. 

Playa  lakes  are  sometimes  alkaline  and  saline,  and  on  evaporating 
deposit  salts  of  various  kinds.  Commonly,  however,  especially  in 
the  smaller  basins,  no  salt  appears  at  the  surface,  but  the  playas 
present  a  smooth,  even  expanse  of  cream-coloured  mud,  which 
becomes  hard  and  divided  into  a  net-work  of  shrinkage  cracks 
when  it  dries. 

The  fine  sediment  carried  down  the  sides  of  an  inclosed  basin 
holding  a  playa  lake  is  deposited  in  part  before  reaching  the  lake, 
and  in  part,  as  we  have  seen,  in  the  lake  itself.  In  both  instances 
the  accumulation  is  a  yellow,  finely  divided  earth,  practically  with- 
ont  stratification.  In  both  instances  the  fine  silt  may  have  worn  or 
angular  pebbles  and  stones  mingled  with  it,  but  in  large  valleys  the 
accumulations,  whether  subaerial  or  subaqueous,  are  entirely  of 
homogeneous  yellow  earth.  The  only  marked  difference  in  these 
deposits  is  that  the  playa  are  much  more  saline  than  the  subaerial 
earths.  The  sediments  of  playa  lakes  are  sometimes  obscurely 
vesicular,  as  if  small  gas  bubbles  had  been  formed  in  them.  In 
subaerial  deposits  this  has  not  been  observed.  The  subaerial 
deposits,  on  the  other  liand,  are  traversed,  at  least  in  a  number  of 
instances,  by  small  vertical  tubes  that  branch  downward ;  in  the 
playa  deposits  these  are  not  present. 

Relation  to  Stream  Deposits, — Wherever  the  streams  of  the  Arid 
Begion  overflow  during  high  water  and  submerge  their  flood  plains, 
a  fine  deposit  is  thrown  down  which  in  many  instances  is  to  all 
appearance  identical  with  the  adobe  formed  in  drainless  valleys. 

The  deposit  made  by  a  stream  in  its  immediate  channel,  at  least 
in  the  vicinity  of  mountains,  is  coarse,  and  is  frequently  composed 
of  well-worn  boulders  and  gravel.  As  the  stream  sways  from  side 
to  side  of  its  general  course  during  a  succession  of  years,  a  sheet  of 
gravel  is  spread  out  as  a  flooring  over  an  entire  valley.  The 
material  deposited  on  the  flood- plain  however,  and  superimposed  on 
the  gravelly  stream-bed  previously  laid  down,  is  usually  a  fine  silt, 
which  in  many  instances  does  not  show  lines  of  stratification. 

Along  the  streams  of  the  Arid  Region  the  flood  plain  deposits  are 
frequently  composed  of  fine,  grey  adobe,  which  breaks  in  vertical 
walls  when  undermined,  and  is  without  stratification.  In  some 
instances  it  is  penetrated  by  vertical  tubes  apparently  made  by 
rootlets.  In  all  these  characteristics  the  stream  deposit  agrees  with 
the  subaerial  deposit. 
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That  the  flood-plain  dopoBitB  of  an  arid  owmlrj  dbonld  be  of  the 
same  character  as  the  adobe  deposited  on  gentle  slopes  and  in 
inclosed  valleys  by  ephemeral  streams,  is  not  surprising,  since  the 
process  in  each  instance  is  essentially  the  same  and  the  material 
handled  is  identical.  The  ephemeral  streams  spread  oat  their 
waters  on  reaching  gentle  slopes,  and  deposit  their  sediment  quietly 
among  the  scanty  desert  vegetation.  In  the  case  of  perennial 
streams  which  overflow  their  banks  the  process  is  similar,  that  is, 
they  form  sheets  of  comparatively  still  water  along  their  borders, 
and  deposit  silt  about  the  vegetation  which  obstructs  their  flow.  In 
both  instances  it  is  to  be  expected  that  casts  of  the  roots  of  plants 
would  remain  in  the  soil.  Evaporation  takes  place  in  both  instances, 
thus  contributing  precipitated  mineral  matter  to  the  deposits,  hut 
occurs  most  rapidly  in  the  case  of  the  ephemeral  streams. 

In  flood-plain  deposits  the  shells  of  the  freshwater  molluscs  occur, 
while  land-shells  may  or  may  not  be  present  In  the  deposits 
of  ephemeral  streams  the  shells  of  land  molluscs  predominate,  not 
to  the  exclusion  of  freshwater- shells,  however,  since  the  deposits 
are  laid  down  by  streams  which  in  their  upper  course  may  survive 
throughout  the  summer  and  be  inhabited  by  molluscs.  The  bones 
of  land-mammals  may  be  buried  during  either  mode  of  accumulation. 

The  geological  interest  of  adobe  and  allied  deposits  centres  not 
only  in  the  manner  in  which  they  are  formed,  but  also  in  their 
extent  and  depth  when  accumulated  under  favourable  conditions. 

It  is  evident  that  the  subaerial  filling  of  an  inclosed  basin  with  fine 
material  might  continue  in  the  manner  described,  until  the  depression 
was  filled  or  the  source  of  supply  exhausted,  so  long  as  the  climate 
conditions  remain  favourable.  A  decrease  in  precipitation  would 
retard  the  filling  or  perhaps  check  it  altogether,  while  an  increase 
would  favour  the  extension  of  playa  lakes,  or  transform  them  into 
permanent  water  bodies.  Should  the  increase  be  sufficient,  the  per- 
manent lakes  would  overflow  and  cut  down  their  channels  of  dis- 
charge until  their  basins  were  drained  to  the  bottom.  It  appears, 
therefore,  that  the  maximum  thickness  which  subaerial  deposits  may 
attain  in  an  arid  region  is  very  great,  especially  in  the  case  of  fault 
valleys,  which  may  have  their  borders  raised  at  the  same  time  that 
their  bottoms  are  being  filled. 

The  thickness  which  playa  lake  deposits  may  attain  is  also  very 
great;  for,  like  the  subaerial  deposits  just  considered,  they  depend 
for  their  accumulation,  the  supply  continuing,  on  a  combination  of 
climatic  and  topographic  conditions  which  may  remain  favourable 
for  a  long  period  of  time. 

Of  the  three  methods  described  above,  by  which  fine  silt  deposits 
may  be  accumulated  in  arid  regions,  the  least  importemt  in  a 
geological  point  of  view  is  the  one  dependent  on  the  overflow  of 
streams.  In  the  formation  of  flood-plains  the  conditions  favouring 
accumulation  depend  not  only  on  climatic  and  topographic  con- 
ditions, but  more  definitely  than  in  the  other  instances  on  the 
supply  of  suitable  material.  The  supply  of  sediment  not  only 
determines  whether  a  stream  shall  deposit  or  not,  but  whether  the 
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depoaits  onoe  laid  down  shall  remain.  In  the  formation  of  adohe 
and  play  a  deposits,  however,  there  is  substantially  no  waste. 

While  adobe  and  playa  deposits  depend  on  aridity  of  climate  for 
their  formation,  the  flood-plain  deposits  are  not  so  limited,  but  may 
go  on  apparently  with  the  same  results  in  an  arid  as  in  a  humid 
climate,  provided  a  periodic  variation  in  the  volume  of  the  streams 
takes  place,  sufficient  to  cause  tbem  to  overflow  their  banks  during 
the  flood  stage.  There  seems  to  be  no  reason  to  suppose  that  the 
character  of  flood-plain  deposits  in  arid  and  in  humid  regions  should 
be  distinct,  unless  it  be  that  the  fine  material  washed  into  streams  in 
dry  countries  is  largely  supplied  from  subaerial  deposits  which  have 
already  been  assorted,  and  perhaps  have  a  diflerent  chemical 
character  fi*om  the  surface  debris  of  humid  regions. 

It  is  beyond  the  scope  of  the  present  paper  to  discuss  the  processes 
by  which  flood>plain  deposits  are  formed,  especially  as  accumulations 
of  this  character  are  comparatively  inconspicuous  in  the  Arid  Region, 
and  also  because  the  constructive  power  of  streams  has  been  exten- 
sively studied  elsewhere. 

The  accumulation  of  adobe  and  of  eolian  and  volcanic  dost  in  the 
central  portions  of  the  valleys  of  the  Arid  Region,  together  with  the 
formation  of  talus  slopes  and  alluvial  cones  about  their  borders, 
promotes  the  levelling  of  the  hills  and  the  filling  of  the  intervening 
depressions.  The  tendency  of  this  twofold  process  is  to  reduce  the 
country  to  a  plain,  but  not  to  bring  it  to  sea-level.  An  exception 
here  exists  to  the  nearly  universal  law  of  base-level  erosiou,  an 
exception,  however,  that  is  transient  when  considered  in  the  way 
that  geologists  are  forced  to  reckon  time.  A  long  continuation  of 
existing  climatic  conditions,  together  with  an  absence  of  orographic 
movements,  in  the  Great  Basin  portion  of  the  Arid  Region,  would 
result  in  the  formation  of  a  broad  high-level  plain  with  rocky  crests 
projecting  here  and  there  to  mark  the  sites  of  buried  mountain- 
ranges.  A  change  to  more  humid  conditions  after  this  process  was 
far  advanced  would  initiate  drainage  systems  which  would  make 
rapid  changes  in  the  configuration  of  the  region.  One  of  the  first 
results  of  an  increased  rainfall  would  be  the  cutting  of  deep  canons, 
especially  in  the  unconsolidated  adobe  and  playa  deposits,  thus 
exhibiting  sections  of  these  peculiar  formations  and  revealing  their 
great  thickness. 

In  connection  with  a  description  of  the  occurrence  of  adobe  it  is 
proper  to  state  that  nothing  similar  to  the  red  soils  formed  by  the 
residual  clays  of  the  South  Atlantic  States,  or  the  red  earth  of 
Bermuda  and  the  West  Indies,  or  the  terra  rosaa  of  Southern  Surope, 
or  the  laterite  of  India,  is  to  be  seen  anywhere  in  the  Arid  Region. 
Rock  disintegration  is  there  active,  but  rock  decomposition  is 
retarded.  The  absence  of  residual  clays  from  the  comparatively 
rainless  portion  of  this  country  is  of  interest  as  tending  to  show 
that  such  deposits  are  formed  in  humid  and  not  in  arid  countries.^ 

^  The  subaerial  deposits  of  humid  regions  have  been  discussed  at  some  length  by 
the  present  writer  in  Bulletin  No.  62  ot  the  U.S.  Geological  Survey  (1889),  to  wliicU 
this  paper  may  be  considered  as  a  supplement. 
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n. — COMPASISON  OF  THE  AdOBK  WITH  THK  LOKSB  OW  CbINA« 

It  is  of  interest  to  oompare  the  adobe  of  the  Arid  Begion  wiih 
similar  aocumulations  elsewhere,  and  especially  with  the  loess  of 
China,  which  has  been  very  fully  described  by  F.  Von  Richthofen.* 

In  China  there  are  many  basins  comparable  with  those  in  the 
more  arid  portion  of  the  United  States,  which  are  deeply  filled  with 
a  yellow  marly-clay  of  impalpable  fineness  termed  Loess,  which  is 
without  stratification,  breaks  most  readily  in  a  vertical  direction, 
and  stands  in  perpendicular  escarpments  for  many  years.  It  is 
traversed  by  vertical  tubes  of  small  dimensions  which  bifurcate 
downward;  is  charged  with  land-shells,  and  contains  the  bones  of 
land- mam  mats.  In  all  of  these  particulars  the  loess  of  China  agrees 
with  the  adobe  of  the  Arid  Region.  The  loess  is  described  as  being 
uniformly  yellow  in  colour,  and,  as  we  have  previously  stated,  this 
is  the  characteristic  colour  of  the  vast  subaerial  deposit  of  the  Arid 
Region,  except  when  charged  with  organic  matter. 

In  China  certain  peculiar  concretions  occur  in  the  loess,  figures  of 
which  are  given  by  Richthofen;'  these,  so  far  as  known,  are  not 
represented  in  the  adobe. 

A  portion  of  the  loess  of  China,  termed  "  lake  loess,"  has  been 
described  as  being  a  stratified  deposit  formed  in  saline  lakes.  These 
beds  are  practically  identical  with  the  playa  deposits  of  the  Arid 
Region,  except  that  a  more  marked  stratification  has  been  observed 
in  them.  In  each  country  these  deposits  are  composed  of  fine,  light 
yellow  earth,  more  or  less  saline,  and  sometimes  carry  salts  of 
various  kinds  in  sufficient  quantities  to  be  of  commercial  value. 

The  loess  of  China  has  been  shown  by  Richthofen  to  have  a 
thickness  of  fully  2000-2500  feet  There  is  a  lack  of  accurate  data 
by  which  to  determine  the  thickness  of  the  similar  deposits  in 
America,  but  observations  based  on  the  contours  of  valleys  and  on 
the  records  of  the  few  wells  that  have  been  bored,  indicate,  as 
already  stated,  that  in  many  instances  it  is  fully  as  thick  as  the  loess. 

In  China  the  peculiar  property  of  the  loess,  which  admits  of  its 
standing  in  vertical  escarpments,  is  utilized  by  the  inhabitants,  who 
excavate  houses  in  the  faces  of  the  bluff's.  In  America  the  same 
property  in  the  adobe  admits  of  the  formation  of  sun-dried  bricks, 
which  have  been  used  in  the  construction  of  thousands  of  houses, 
and  in  many  instances  of  entire  towns.  In  each  country  the  deposits 
mentioned  form  exceedingly  rich  agricultural  lands. 

The  loess  is  described  as  being  porous,  so  that  rain  falling  on 
it  is  rapidly  absorbed.  This  property  is  shared  in  part  by  the  adobe, 
but  is  not  a  characteristic  feature  of  the  deposit  in  general.  On  the 
alluvial  cones  and  in  the  higher  portions  of  the  adobe-filled  basins 
of  the  Arid  Region,  the  rain-water  rapidly  disappears  by  percolation, 
but  in  other  instances,  and  especially  in  the  playas,  the  earth  is 
extremely  impervious.     Only  a  foot  or  two  beneath  the  playa  lakes 

'  China,  Berlin,  1877,  vol.  i.  pp.  56-189.    See  also  abstract  in  Am.  Jour.  Sci.  3rd 
series,  1877,  vol.  xiv.  pp.  487-491. 
*  China,  vol.  i.  p.  68. 
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the  yellow  earth  is  always  dry  and  powdery.  These  lakes  are 
frequently  called  "  sinks,"  as  the  **  sink  of  the  Carson  River "  for 
example ;  but  a  more  complete  misnomer  could  scarcely  be  cited,  as 
the  water  escapes  from  them  solely  by  evaporation. 

There  is  one  remarkable  peculiarity  in  which  the  loess  region  of 
China  differs  from  the  Arid  Region,  that  is,  it  has  been  deeply 
dissected  by  stream  erosion,  so  that  the  vast  thickness  of  its  super- 
ficial deposits  is  fully  exposed.  In  this  country  the  valleys  of  the 
Arid  Region  are  still  being  filled,  and  dissection  has  not  com- 
menced. In  China  a  recent  climatic  change,  perhaps  very  moderate 
in  its  character,  seems  to  have  occurred,  which  has  allowed  of 
the  formation  of  streams  in  a  previously  drainless  region,  and  the 
streams  have  sunk  their  channels  in  the  loess  in  the  wonderful 
manner  described  by  travellers. 

The  similarity  between  the  loess  of  China  and  the  adobe  of 
America  is  such  as  to  warrant  the  conclusion  that  they  were 
deposited  under  essentially  the  same  conditions.  That  they  are 
both  mainly  subaerial  deposits,  it  seems  to  me,  must  be  acknow- 
ledged by  every  one  who  is  familiar  with  the  geological  processes 
now  active  in  arid  regions. 

Richthofen*  refers  the  origin  of  the  loess  of  China  to  three 
processes :  "  The  first  is  rain  water,  which  flows  down  from  the 
upper  to  the  lower  parts,  and  washes  away  the  solids  which  have 
hecome  loosened  by  the  decomposition  of  the  rocks  of  neighbouring 
mountaips.  Tlie  second  is  the  wind,  whose  extraordinary  aid  in 
accumulating  dust-like  divided  solid  material,  one  has  frequent 
opportunity  to  notice  in  the  regions  occupied  by  the  loess.  The 
third  agent  lies  in  the  mineral  ingredients,  which  the  roots  of 
grasses,  by  the  diffusion  of  mineral  fluids  drawn  up  from  below, 
assimilate,  and  on  their  decay  leave  behind.  All  these  finely 
divided  ingredients  are  held  fast  by  the  vegetable  covering,  and 
thence  afterwards  carried  away  only  in  small  quantities  by  the 
wind." 

The  second  and  third  of  these  processes  are  held  by  Richthofen 
to  be  most  important ;  and  of  these  two  by  far  the  greater  promin- 
ence is  given  to  the  second,  that  is,  to  the  action  of  the  wind  in 
transporting  dust.  My  own  studies  in  the  arid  portions  of  this 
country  failed  to  sustain  this  explanation,  but  lead  me  to  refer  the 
accumnlation  of  both  the  coarse  and  the  fine  deposits  now  accumu- 
lating in  the  drainless  valleys  of  that  region  to  the  first  hypothesis 
mentioned  above;  that  is,  to  the  transportation  and  deposition  of 
fine  material  by  ephemeral  streams. 

That  eolian  transportation  is  an  element  in  the  process  by  which 
inclosed  valleys  are  filled  with  fine  debris  must  be  acknowledged ; 
but  that  it  is  the  principal,  or  even  an  important  element,  does  not 
appear  to  be  warranted  by  a  study  of  the  processes  by  which  such 
deposits  are  now  being  formed. 

Richthofen  has  shown  so  clearly  that  the  loess  of  China  was  not 
accumulated  in  freshwater  lakes  or  in  the  ocean,  that  the  hypotheses 

^  China,  vol.  i.  p.  78. 


350      Dr,  G.  M.  Dawson — Olaciation  of  British  Columbia. 

advanced  by  various  writers  who  have  referred  its  ori^^n  to  ordinary 
sedimentation  need  not  be  considered  farther. 

In  reference  to  the  accumulation  of  loess  through  the  vital  action 
of  vegetation  as  advocated  by  Richthofen,  it  is  perhaps  sufficient  to 
BuggeKt,  as  has  been  done  by  T.  W.  Eingsmill,^  "  that  plants  could 
furnish  to  the  mineral  accumulations  only  what  they  took  from  it, 
and  hence  could  add  nothing."  Apparently  no  ezoeption  can  be 
taken  to  this  argument,  unless  it  be  that  plants  may  add  carbon 
derived  from  the  carbonic  acid  of  the  atmosphere,  to  the  soils  in 
which  they  grow. 

The  similarity  between  the  loess  of  China  and  the  adobe  of  the 
Arid  Region  is  so  close  that  they  might  properly  be  designated  by 
the  same  name;  but,  as  confusion  has  apparently  already  arisen  from 
the  too  general  use  of  the  former  name,  it  has  been  thought  best  to 
use  a  new  term  instead. 

Washington,  D.C,  Not.  27,  1888. 


III. — Glaciation  op  High  Points  in  the  Southebn  In^sriob  or 

British  Columbia. 

By  Georob  M.  Dawson,  D.Sc,  F.G.S.  ; 
Assistant-Director  of  the  Geological  Surrey  of  Canada. 

IN  an  article  published  in  the  Geological  Magazine  for  August, 
1888,  an  outline  was  presented  of  some  facta  resulting  from 
recent  investigations  on  the  glaciation  of  British  Columbia  and 
adjacent  regions,  bearing  more  particularly  on  the  flow  of  ice  in  a 
northerly  direction  brought  to  light  by  explorations  in  the  Yukon 
district,  but  touching  also  on  the  south-eastern  extension  of  the 
great  western  glacier-mass  of  the  continent,  which  I  have  proposed 
to  name  the  Cordilleran  glacier.  Field-work  carried  out  by  me 
during  the  summer  of  1888  has  resulted  in  the  accumulation  of 
many  new  facts  relating  to  the  southern  part  of  the  area,  which  was 
at  one  time  covered  by  the  Cordilleran  glacier,  from  which  it  would 
appear  that  it  may  ultimately  be  possible  not  only  to  trace  the 
various  stages  in  the  recession  of  the  main  front  of  the  great 
confluent  glacier  beneath  which  the  interior  or  plateau  region  of 
British  Columbia  was  buried,  but  even  to  follow  the  later  stages 
of  its  decline  as  it  became  broken  up  into  numerous  local  glaciers 
confined  to  the  valleys  of  the  several  mountain  ranges  which  limit 
the  plateau. 

As,  however,  work  is  to  be  continued  in  the  same  southern  part 
of  British  Columbia  during  the  present  summer,  it  is  not  at  present 
intended  to  discuss  these  general  features,  but  merely  to  call  attention 
to  the  noteworthy  heights  at  which  glaciation  has  now  been  found  to 
occur  on  some  of  the  higher  parts  of  the  Interior  Plateau  and  its 
mountains,  and  to  the  great  mass  thereby  indicated  for  the  southern 
part  of  the  Cordilleran  glacier. 

The  highest  point  on  which  I  had  previously  noted  the  marks  of 

1  Quart.  Joum.  Geol.  Soc.  London,  1878,  vol.  xxvii.  p.  380. 
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laoier  ioe  in  this  region  was  Iron  Mountain,  at  the  junction  of  the 
[icola  and  Ooldwater  rivers,  the  summit  of  which  is  3500  feet 
bove  the  neighbouring  river  valleys,  or  5280  feet  above  the  sea.^ 
ividence  of  the  same  kind — all  implying  the  movement  of  a  great 
lacier-mass  entirely  independent  of  the  local  features  of  the  country 
-has  now  been  discovered  on  several  still  higher  points,  the  most 
levated  being  Tod  Mountain,  situated  25  miles  north -east  of 
Lamloops,  and  rising  7200  feet  above  the  sea.  The  actual  summit 
f  this  mountain  is,  however,  but  lightly  glaciated,  and  in  this 
iroumstance  and  the  apparent  influence  which  local  irregularities  of 
3ck-surface  have  had  upon  the  direction  of  striation,  evidence 
Mms  to  be  afforded  that  the  summit  was  never  deeply  covered  by 
be  great  glacier.  This  conclusion  is  further  borne  out  by  the  fact 
iiat  a  few  hundred  feet  only  lower  down  the  same  mountain,  the 
laciation  is  much  stronger,  and  fluted  rock-surfaces  and  other  easily 
dcognized  marks  of  heavy  glacier  ice  are  observed.  Tod  Mountain 
I  the  culminating  point  of  a  region  surrounded  on  three  sides  by 
be  wide  and  important  valleys  of  the  North  and  South  Thompson 
Uvers  and  Adams  Lake,  the  nearest  points  comparable  in  elevation 
3  it  being  in  the  Gold  Bange,  at  a  distance  of  over  25  miles  in  a 
orth-easterly  direction,  or  nearly  at  right  angles  to  the  direction  of 
lie  glaciation.  There  can  be  no  question  as  to  the  fact  that  the 
laciation  met  with  at  this  place  is  due  to  the  general  or  Gordilleran 
lacier,  and  it  is  thus  evident  that  at  one  period  the  glacier  ice  must 
ave  attained  a  thickness  of  about  6000  feet  in  the  valleys  above 
amed,  while  it  covered  even  the  higher  portions  of  the  irregular 
lateau  of  this  part  of  the  interior  of  British  Columbia  to  a  depth 
f  at  least  2000  to  3000  feet.  When  it  is  taken  into  consideration 
bat  evidence  has  already  been  obtained  of  the  south-easterly  motion 
f  this  part  of  the  Cordilleran  glacier  for  a  distance  of  at  least  300 
liles  to  the  north-west  of  Tod  Mountain,  it  is  apparent  that  the 
nass  of  nivi'ice  accumulated  over  the  country  north  of  the  55th 
arallel  of  latitude  from  which  the  southerly-  and  northerly-flowing 
ztensions  of  the  great  glacier  were  fed  must  have  been  enormous. 

As  previously  stated  by  me,  the  condition  of  this  part  of  the 
!!ordilleran  region,  at  the  period  of  its  maximum  glaciation,  must 
lave  been  clearly  analogous  to  that  of  Greenland  at  the  present  day, 
ave  that  in  the  case  of  British  Columbia  it  has  been  impossible  for 
ny  large  proportion  of  the  ice  to  escape  to  the  eastward  or  to  the 
westward  because  of  the  bordering  mountain  ranges. 

Some  of  the  principal  new  localities  at  which  distinct  evidence  of 
he  passage  of  the  Cordilleran  glacier  over  the  southern  part  of 
British  Columbia  were  observed  during  the  summer  of  1888,  with 
he  approximate  position  and  height  of  each  and  the  direction  of 
action  indicated,  are  given  below.  The  variation  in  direction  found 
Q  comparing  even  the  highest  stations  is  generally  explicable  on 
onsideration  of  the  influence  of  adjacent  important  orographic 
matures.  A  number  of  observations  made  at  points  somewhat  lower 
ban  these  here  quoted  show,  as  might  be  anticipated,  an  increasing 

>  Quart  Jouin.  Geol.  Soc.  vol.  xxxiv.  ]^.  Wl. 
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degree  of  influenoe  of  the  same  kind  dependent  on  the  sahordinate 
relief  of  the  ooantry  passed  over. 
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IV. — Notes  on  New  and  other  Dinosaubiam  Bemains. 

By  R.  Ltdekkeb,  B.A.,  F.G.S.,  F.Z.S.,  etc. 

IN  the  present  communication  I  call  attention  to  a  Reptilian  vertebra 
which  does  not  appear  to  have  received  the  notice  it  deserves, 
and  also  give  a  preliminary  diagnosis  of  certain  forms  whioh  I  hope 
to  describe  more  fully  later  on. 

1.  Arotosaurus  Osborni,  Adams. 

In  the  year  1875  the  late  Professor  Lei th  Adams  described  and 
figured  in  the  "  Proceedings  of  the  Koyal  Irish  Academy  "  (ser.  2, 
vol.  ii.  p.  177)  an  imperfect  Saurian  vertebra  which  had  been  ob- 
tained many  years  previously  from  Arctic  America  during  the  voyage 
of  Captain  Sherrard  Osbom,  which  is  now  preserved  in  the  Museum 
of  Science  and  Art,  Dublin.  The  specimen  was  obtained  from  beds 
of  unknown  but  doubtless  Mesozoic  age  at  Kendezvous  Mountain, 
which  is  situated  at  the  north  end  of  Bathurst  Island  in  70^  36'  north 
latitude. 

By  the  courtesy  of  Prof.  V.  Ball,  Director  of  the  Science  and  Art 
Museum,  Dublin,  I  have  recently  had  an  opportunity  of  examining 
this  interesting  specimen,  of  which,  by  permission  of  the  Royal  Irish 
Academy,  I  am  able  to  reproduce  the  original  figure.  In  his  original 
description  of  the  specimen,  which  has  suffered  by  lateral  crushing 
and  is  otherwise  imperfect.  Prof.  Adams  considered  that  it  indi- 
cated a  cervical  vertebra,  which  had  lost  the  neural  spine,  the  costal 
articulations,  and  the  right  prezygapophysis.  And  he  then  proceeds 
to  give  his  reasons  for  regarding  it  as  more  nearly  allied  to  Lizards 
than  any  other  reptiles. 

My  own  observations  confirm  the  conclusion  that  this  vertebra 
belongs  to  the  cervical  region  ;  but  it  appears  that  its  afBnities  are 
certainly  Dinosaurian.  The  centrum  is  compressed  and  amphicoelous, 
with  a  sharp  haemal  carina ;  and  it  is  evident  that  there  were  free 
cervical  ribs  and  a  well-developed  neural  spine.  The  highly  curved 
ventral  profile  and  the  length  of  the   centrum  indicate   that  the 
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itmer  of  this  vertebra  had  an  arched  and  comparatiTel;  elongated 
leck ;  the  whole  faeiet  of  the  apeoimen  bt^ing  essentially  DinoBaurian. 
doreover,  in  the  deep  median  incieiona  between  the  pre-  and  post- 
fjgapophyseB  the  specimen  reeembtea  the  oervicals  of  many  of  the 
Lheropoda ;  while  a  longitudinal  fiaaure  on  the  right  side  of  the 
antrum  is  highly  Bu^jieBtive  of  the  oruahing  in  of  an  intomal  cavity. 
Hiat  the  specimen  doea  not  belong  to  the  delurida  is  quite  dear; 
ind  I  am  inclined  to  regard  it  as  indicating  a  Dinosaur  more  or  less 
^osely  allied  to  the  Anehitaurid(B,  although,  in  the  absence  of  figurea 
]f  the  typical  American  forms,  it  is  at  present  impossible  to  institats 
uiy  exact  comparison.  The  especial  interest  of  this  specimen  is  the 
jvidence  which  it  affords  as  te  the  path  by  which  the  generic  types 
}f  Dinosaurs  common  to  the  old  and  new  worlds  may  have  passed 
Erom  the  one  hemisphere  to  the  other. 


^elMturut  Otiemi,    Sight  lateral   (A),  neural  (JB), 


(Frvm  tht  Prac.  S.  Irith  Aeadimg.) 

2.  Obinobaubub  oafknsis,  n.  sp. 
In  describing  certain  Dinosaurian  remains  from  the  Karoo 
System  of  the  Cape  in  1867,  Prof.  Huxley  (Quart  Joum.  Geol  Soc. 
vol.  xxiii.  p.  5)  applied  the  name  Oroiaurua  to  a  large  bone  which 
he  regarded  aa  the  distel  extremity  of  a  femur,  and  considered  Co  be 
generically  distinct  from  the  other  specimens  described  in  the  same 
paper  under  the  name  of  EiuceleeaitrM.  Tliis  hone  has  been  recently 
presented  by  its  describer  to  the  British  Museum  (No.  R.  1626), 
and  after  careful  examination  I  am  oonvinoed  thaX  i.'t.  \%  i^aI^-j  \^ 
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proximal  extremity  of  a  left  tibia.  It  agrees  very  oloiely,  both 
in  size  and  characters,  with  the  tibia  of  Iguanadon  MiudeUif  bat 
appears  to  have  been  solid  throughout.  The  great  expansion  of  the 
head  and  cnemial  crest  distinguishes  it  from  the  tibia  of  Evaeele* 
$auru8f  which  appears  to  have  had  a  bony  union  with  the  fibula,  as 
in  Stegosaurm,  and  it  therefore  appears  that  the  generio  distinctness 
of  Orosaurus  is  justified.  Unfortunately,  however,  this  term  is 
preoccupied  by  the  more  correctly  formed  Oreosaurua,  Peten^*  and  I 
accordingly  propose  to  replace  it  by  the  name  Orino$auru$^  Since, 
moreover,  no  specific  name  was  proposed  by  Prof.  Huxley  for  this 
Dinosaur,  I  would  suggest  that  it  should  be  known  as  O,  capensU. 

If  I  am  right  in  regarding  this  tibia  as  solid  throughout,  tiie  speci- 
men is  of  considerable  interest  as  apparently  showing  a  connection 
between  the  Stegosaurida  and  Iguanodontidaf  and  thereby  serving 
to  confirm  Dr.  Baur  in  his  conclusion  that  these  two  families  should 
be  included  in  a  single  suborder. 

3.    loUANODON  FiTTONI,  n.  Sp. 

Among  a  series  of  specimens  from  the  Wadhnrst  Clay  near 
Hastings,  recently  collected  by  Mr.  C.  Dawson,  F.Q.S.,  for  the 
British  Museum,  are  an  apparently  associated  left  ilium,  part  of  a 
pubis,  and  the  imperfect  sacrum  (B.M.  No.  B.  1635),  which  appear 
to  indicate  a  distinct  species.  The  specimens  were  obtained  at  the 
village  of  Shomden,  and  although  the  sacrum  was  found  at  a 
distance  of  some  fifty  yards  from  the  ilium,  Mr.  Dawson  has  no 
doubt  that  both  specimens  belonged  to  the  same  individual. 

The  ilium,  which  I  take  as  the  type  of  this  form,  indicates  a 
somewhat  smaller  animal  than  the  ilium  from  a  somewhat  lower 
horizon  which  forms  one  of  the  types  of  L  Dawsoni.^  Moreover,  it 
differs  from  that  ilium  in  that  the  preacetabular  process  merely 
forms  a  thin  vertical  plate,  and  entirely  wants  the  horizontal  inner 
extension  found  on  the  lower  border  of  the  latter.  Again,  while  in 
J.  Dawsoni  the  postace tabular  portion  forms  a  deep  plate  with  a 
rounded  termination,  the  corresponding  portion  of  the  present  speci- 
men has  its  lateral  surface  terminating  in  a  point,  while  the  inferior 
border  is  bent  inwardly  to  form  a  shelf-like  projection  on  that  side. 
The  portion  of  the  ilium  immediately  above  the  acetabulum  is  rela- 
tively deeper,  and  the  acetabulum  itself  less  well  defined  than  in 
J.  Dawsoni.  The  eissociated  sacrum  has  laterally-compressed  and 
anchylosed  vertebrsB  like  those  of  J.  Mantelli^  from  which  species 
the  present  form  is  at  once  distinguished  by  the  greater  height  of  the 
ilium  and  the  inflection  of  the  lower  border  of  the  postacetabular 
portion.  The  only  other  named  form  to  which  this  specimen  could 
possibly  belong  is  Sphenospondylus  gracilis  of  the  Upper  Wealden, 
but  the  ilium  appears  to  be  proportionately  much  too  large  for  the 
vertebrsB,  and  the  sacrum  is  different  from  the  one  which  I  have 
suggested  may  belong  to  that  genus. 

I  propose  to  designate  this  apparently  new  form  as  J.  Fittoni  in 

>  Abh.  Ak.  Berlin,  1862,  p.  201.  ^  From  the  adjectival  dptia^hs. 

'  See  *Gat.  Fobs.  £ept.  and  Amphib.  in  Brit.  Mus.'  pt.  i.  pp.  197-199. 
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honour  of  the  late  Dr.  Fitton,  so  well  known  for  his  labours  in  con- 
nection with  the  Lower  Gretaceons  of  England.  The  ilium  of  this 
Bpeoies,  so  far  as  its  posterior  portion  is  concerned,  makes  a  remark- 
able approach  to  the  type  species  of  the  American  Cam^tosaurus^  from 
which,  however,  this  form  is  widely  distinguished  by  the  structure 
of  the  sacrum. 

4.    loUANODON   HOLLINGTONIENSIS,    n.sp. 

Specimens  from  the  Wadhurst  Clay  of  Hollingron,  near  Hastings, 
appear  to  indicate  a  third  species  from  these  deposits  which  I  propose 
to  distinguish,  at  least  provisionally,  as  J.  hollingtonie^isis.  Some  of 
these  remains  I  have  previously  referred  in  the  work  cited  to  J. 
Dawsoni,  while  others  I  have  suggested  might  belong  either  to  that 
species  or  to  immature  examples  of  L  bernissartensia. 

I  take  as  the  type  the  specimens  in  the  British  Museum  numbered 
B.  1148^  together  with  others  belonging  to  the  same  individual 
numbered  B.  1629,  and  also  certain  vertebras  numbered  B.  1632, 
which  are  also  believed  to  have  belonged  to  the  same  individual. 

The  femur  (B.  1148)  agrees  approximately  in  size  with  that  of 
I.  ManteUi,  but  is  at  once  distinguished  by  its  curved  shaft  and 
pendant  inner  trochanter,  in  which  respects  it  resembles  the  corre- 
sponding bone  of  Camptosaurus,  It  is  smaller  and  of  different 
contour  from  another  femur,  which,  from  the  evidence  of  the  asso- 
ciated ilium,  belongs  to  L  Dnwsoni  The  sacral  vertebrse  (B.  1632) 
are  of  the  type  of  those  (B.M.  No.  B.  811)  I  have  previously  referred 
to  the  latter  species,'  having  flattened  hs&mal  surfaces  to  the  centra, 
which  were  not  anchylosed  together.  An  ilium  (No.  B.  8116) 
associated  with  the  sacrum  and  ischia  No.  B.  811,  although  very 
imperfect,  shows  that  the  preacetabular  process  was  of  the  thin 
type  of  J.  Fittoni,  and  therefore  different  from  that  of  I.  Dawsoni, 
while  this  ilium  is  decidedly  different  from  that  of  L  Fittoni, 
Finally,  the  dorsal  vertebrae  associated  with  Nos.  B.  811  (B.  M.  No. 
B.  604)  and  with  B.  1148,  are  smaller  and  more  compressed  than 
those  of  J.  Dawsoni. 

That  the  present  form  is  distinct  from  J.  MantelH  is  shown  by  the 
femur ;  from  J.  Dawaoni  it  is  distinguished  by  the  size  of  the  femur, 
and  of  the  dorsal  vertebrsd,  as  well  as  by  the  size  and  contour  of 
the  ilium  which  is  apparently  referable  to  it.  The  sacral  vertebra, 
No.  B.  1632,  which  is  believed  to  have  been  associated  with  the 
type  specimen,  distinguishes  this  species  from  J.  Fittoni ;  this  being 
confirmed  by  the  sacrum  No.  B.  811,  which  is  now  known  to  have 
been  associated  with  vertebras  and  an  ilium  which  are  clearly  not 
referable  to  J.  Dawsoni,  and  still  less  to  I.  Fittoni. 

Iguanodon  hollingtonienaia  approximates  in  the  structure  of  its 
femur,  ischia,  and  sacrum  to  CJamptosaurus,  but  is  distinguished  by 
the  peculiar  poUex  of  Igaanodon,  on  which  account  I  include  it  in 
the  latter  genus. 

I  am  at  present  unable  to  say  definitely  whether  the  unnamed 
imperfect  skeleton  in  the  British  Museum  from  Hollington  numbered 

*  •  Cat.  Eept,  etc./  i^p,  eit.  p.  217,  *  Op.  cit.  ^.  \^^. 
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R.  33  ^  belongs  to  I.  FiiUmi  or  L  holUngUmien$i$t  althoagh,  as  I  have 
i*emarked  in  the  work  cited,  it  is  certainly  distinct  from  L  ManteUi, 
I  may  add  that  the  bone  in  that  skeleton  catalogued  as  a  fragment 
of  an  ilium  proves  to  be  the  glenoidal  portion  of  the  right  ooraooid. 


Y. — Thk  Oooubbenoe  of  Gramitk  in  a  Boeing  at  Blbtohlet. 

By  A.  J.  Jttkbs-Brownb,  B.A.,  F.G.S. 

IN  the  winter  of  1886-7  a  boring  was  made  at  Bletcbley  Junction 
for  the  London  and  North- Western  Railway  Company,  and 
acquired  importance  from  the  report  that,  after  passing  through  the 
Oxford  Clay,  it  had  entered  a  mass  of  granitic  rock.'  Probably 
many  readers  of  this  Magazine  wondered  why  no  detailed  account 
of  the  boring  was  published  after  this  announcement ;  but  the  reason 
was,  that  when  inquiries  came  to  be  made,  some  uncertainty  was 
found  to  exist  as  to  the  position  and  mode  of  occurrence  of  the 
granitic  rock.  My  attention  was  recently  called  to  the  boring  by 
learning  that  the  water  obtained  from  it  was  salt.  I  tben  ob- 
tained all  the  information  I  could  with  regard  to  the  rocks  passed 
through,  and  think  the  results  are  of  sufficient  importance  for  pub- 
lication. The  interest  naturally  centres  in  the  supposed  occurrence 
of  granitic  rock  at  a  depth  of  less  than  400  feet  from  the  surface, 
and  it  seems  desirable  that  the  facts  with  regard  to  this  should  be 
placed  on  record. 

The  boring  was  made  by  Mr.  Ebenezer  Timmins,  of  Runcorn, 
under  the  superintendence  of  Mr.  F.  W.  Webb,  the  Engineer  of  the 
L.N.W.R.  Company.  The  work  was  personally  directed  by  Mr. 
Arthur  Timmins,  to  whom  I  am  indebted  for  the  particulars  given 
below;  Mr.  A.  Timmins  tells  me  he  had  the  first  handling  of  all 
samples  which  were  brought  up,  and  that  he  took  some  trouble  to 
ascertain  the  nature  of  the  rocks  through  which  the  boring  was 
carried,  making  analyses  of  several  of  the  specimens  himself.  All 
this  information  he  has  generously  placed  at  my  disposal,  and  the 
following  is  his  account  of  the  boring. 

Old  well  148  feet  deep.     Boring  commenced  from  bottom  of  well. 

Level  of  surface  about  260ft.  CD. : — 

Thickness.  Depth. 

ft.  in.  ft.  in. 

1.  Depth  of  old  well —  148  0 

2.  Blue  limestone 8    0  166  0 

3.  Blue  clay  9    0  165  0 

4.  Black  shale  10  166  0 

6.  Yellow  clay 2    6  168  6 

6.  Brown  clay  17    6  186  0 

7.  Blue  limestone 10  187  0 

8.  Brown  clay  6     0  192  0 

9.  Blue  limestone 12    0  204  0 

10.  Blue  clay      8     0  212  0 

11.  Blue  limestone 6     9  217  9 

12.  Blueclav  6    3  224  0 

13.  Blue  lim'estone 10  226  0 

*  Op.  eit.  p.  226. 

«  See  Prof.  HuU's  letter,  Gnoi..  M^kq.  Dec.  III.  Vol.  IV.  p.  139  (1887). 
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ft.  in.  ft.  in. 

14.  Bine  clay  with  septaria   36    0  261  0 

16.  Blue  limestone 1    0  262  0 

16.  Blae  clay  with  septaria  40    0  302  U 

17.  Bine  limestone 3    6  305  6 

18.  Blue  clay 4    6  310  0 

19.  Blue  limestone 10  311  0 

20.  Blue  clay  46    0  366  0 

21.  Indurated  bluish  limestone 22    6  378  6 

22.  Granitic  rock   21     7  400  0 

23.  Clay 10  401  0 

24.  Granitic  rock   6    2  407  2 

26.  Clay  2  10  410  0     * 

The  following  observations  are  chiefly  by  Mr.  A.  Timmins,  with 
a  few  remarks  of  my  own  on  the  samples  which  he  sent  me,  and 
which  are  now  in  the  possession  of  Prof.  A«  H.  Oreen  at  Oxford. 

No.  3  was  a  very  hard  blue  clay. 

No.  4.  A  bituminous  shale  containing  iron  pyrites. 

No.  9.  Sample  preserved,  a  dark  grey  limestone,  with  well-marked 
oolitic  structure,  several  Echinoderm  spines,  and  some  shell  fragments. 

No.  11.  Samples  preserved  probably  from  this  bed  are  of  a  grey 
shelly  and  partially  oolitic  limestone. 

No.  13.  Sample  preserved  from  224  feet,  a  light  grey  crystalline 
limestone,  very  hard,  with  glistening  surfaces  of  calcite,  possibly 
parts  of  Echinoderm  tests  and  spines. 

No.  14.  A  very  hard  clay  full  of  septaria  and  pyrites. 

No.  16.  The  same  as  No.  14.  Samples  of  the  septaria  preserved 
and  analysis  made  by  Mr.  Timmins  with  following  result : — 

Insoluhle  siliceous  matter   9*800 

FeO  (originally  FeCOa) 34-418 

FejOg,  iron  peroxide  33*423 

Alumina    - 3*392 

Calcium  carbonate  17*050 

Magnesium  carbonate 2*291 

100*»74 

Nos.  18,  19,  and  20.  These  beds  were  full  of  fossils,  but  all  the 
larger  specimens  were  broken  up  by  the  chisels ;  those  preserved  are 
chiefly  fragments  of  the  stems  and  arms  of  small  Crinoids,  with 
several  pieces  of  small  Belemnites  and  fragments  of  bivalve  shells. 
They  are  just  such  fossils  as  would  occur  near  the  base  of  the 
Oxford  Clay. 

No.  21.  No  sample  preserved,  but  described  by  Mr.  Timmins  as  a 

"  very  hard  limestone."    At  about  360  feet  it  contained  hard  nodules 

or  boulders  of  stone  of  a  dark  buff  colour  and  having  cracks  filled 

up  with  calcite ;  they  were  calcareous  and  ferruginous,  with  only 

lo  per  cent  of  insoluble  matter.     A  sample  from  370  feet  had  the 

following  composition : — 

Insoluble  matter  63*48 

Oxide  of  iron  and  alumina  20*40 

Calcium  carbonate  26*06 

99*94 

My  colleagne,  Mr.  A.  O.  Cameron,  has  sent  me  a  piece  of  Kellaway 

rock,  from  Eempton,  near  Bedford,  which  is  a  ver j  b^xd,  (^m^^cA.^ 
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greyish-brown  ferraginoas  and  silioeous  limestone;  the  general 
character  of  this  rock  is  such  as  to  suggest  a  chemical  oomposition 
similar  to  that  of  the  above  analysis  of  the  "indurated  limestone"  in 
the  boring,  and  it  has  cracks  filled  with  calcite. 

Mr.  Timmins  says  that  from  the  foreman  borer's  aooonnt  it  would 
appear  that  this  bed  gradually  got  harder  and  harder  till  they  came 
on  to  the  "  granitic  rock  "  at  378'  6",  and  that  the  depth  of  colour 
also  increased  to  a  rusty  brown. 

No.  22.  The  following  are  Mr.  Timmins'  notes  on  this  rock:— 

"  The  boring  of  this  bed  proved  a  very  tedious  operation,  averaging 

about  five  inches  a  day,  and    owing  to  this  incessant  grinding  of 

debris,  large  particles  of  rock  were  not  to  be  expected :  what  samples 

there  are  were  found  after  sifting  the  whole  debris  through  a  sieve 

of  1225  meshes  to  the  square  inch.  The  analysis  of  a  bulked  sample 

between  378'  5"  and  390  feet  is  as  follows  : 

Insoluble  matter    80-106 

Oxide  of  iron  and  alumina 11*514 

Calcium  carbonate 8*838 

Magnesium  carbonate    '640 

Alkalies,  etc.,  not  detennined  8*902 

lOOOOO 

Before  analyzing  this  sample,  all  particles  of  steel  and  iron  from 
the  boring  tools  and  casing  tubes  were  extracted  as  well  as  possible 
with  a  magnet;  but  it  is  possible  that  some  of  the  11^  per  cent  of 
iron  is  derived  from  the  mechanical  appliances  in  use." 

Samples  of  this  material  ai^  preserved  in  bottles,  the  larger 
fragments  are  undoubtedly  pieces  of  a  granitic  rock ;  the  finer 
material  which  has  passed  through  the  sieve  is  of  a  brownish  colour, 
and  has  the  appearance  of  a  pounded,  fine-grained  ferruginous 
sandstone.     More  will  be  said  of  this  in  the  sequel. 

Bed  24  was  similar  to  bed  22,  but  was  not  so  hard  and  compact, 
so  that  more  rapid  progress  was  made  through  it. 

Beds  23  and  25  were  clays  with  a  blue  colour  when  first  brought 

into  daylight,  but  after  a  few  days  in  the  air  the  colour  began  to 

fade,  and  through  gradual  gradations  it  arrived  at  a  light  brownish 

tint ;  this  is  probably  due  to  the  oxidation  of  the  iron.     An  analysis 

of  one  of  these  clays  gave  the  following  results : 

Insoluble  siliceous  matter 79*807 

Oxides  of  iron  and  alumina  13*778 

Calcium  carbonate 2-997 

Magnesium  carbonate    1*718 

98*300 
Mr.  Timmins  remarks  that  it  had  somewhat  the  aspect  and  oom- 
position of  a  fire-clay.  As  the  sample  sent  to  me  had  rather  a 
powdery  felspathic  look  about  it,  I  forwarded  it  to  Prof.  Bonney, 
who  reported  that  it  appeared  to  be  an  ordinary  clay,  *'  such  as 
might  well  occur  in  the  Jurassic  series " ;  and  that  it  was  not  a 
decomposed  igneous  rock  or  felspar  rolled  tn  sitUf  and  had  certainly 
not  been  baked  by  contact  with  igneous  rock,  as  it  must  have  been 
if  the  beds  of  "  granitic  rock  "  were  intrusive  sheets. 
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To  oomplete  the  reoord  of  the  borin|?«  it  may  here  be  mentioned 
that  water  was  found  at  the  depth  of  390  feet  9  inches  in  the  first 
bed  of  "  granitic  roek^**  and  again  in  the  lowest  clay  at  410  feet,  or 
more  probably  from  a  bed  immediately  underlying  this  clay,  but 
not  pierced.  In  both  oases  the  water  was  very  salt  and  unfit  for 
use,  so  that  the  boring  was  abandoned  and  a  coffee-house  is  now 
built  over  the  site. 

We  may  now  revert  to  the  so-called  "granitic  rock."  It  has 
already  been  stated  that  fragments  of  such  a  rock  do  certainly  occur 
among  the  samples,  and  there  seems  no  reason  to  doubt  that  these 
fragments  were  brought  up  from  the  depths  named.  As  evidence 
on  this  point  I  quote  a  letter  from  Mr.  A.  Timmins  to  Mr.  Cameron, 
dated  November  19,  1886: — **1  enclose  a  sample  of  the  strata  from 
present  depth  (390  ft.)  ...  I  make  it  out  as  homblendic  granite, 
and  have  had  suspicions  for  some  time.  A  few  weeks  ago  my 
father  brought  home  a  piece  of  stone  similar  to  the  sample,  and  said 
that  he  was  told  by  the  foreman  that  it  had  come  up  the  boring. 
Ever  since  I  have  sieved  the  samples  sent  to  me,  and  Saturday  was 
the  first  time,  since  that  above  mentioned,  that  I  was  able  to  get  any 
larger  pieces.  My  suspicions  were  at  once  confirmed,  and  I  make 
out  that  we  have  bored  through  10  feet  of  this  granitic  rock." 
With  this  evidence  we  may  I  think  take  it  for  granted  that  pieces 
of  a  granitic  rock  did  come  up  from  the  depths  stated  in  the  account 
of  the  boring. 

Next  as  to  the  nature  of  the  rock  :  two  small  fragments  were  sent 
to  Prof.  Bonney,  who  was  kind  enough  to  examine  them  and  reported 
as  follows  :  "  The  fragments  which  you  have  sent  me  are  of  a 
rock  closely  allied  to  granite.  As  far  as  I  can  see  with  a  strong 
lens  they  are  likely  to  belong  to  the  microgranulite  of  Fouqu6  and 
Levy — that  is,  a  rock  with  felspar  quartz  and  mica  or  hornblende 
(probably  the  latter  in  this  case)  in  a  sort  of  fine  mosaic ;  the  in- 
dividual grains  not  being  very  definite  in  form  unless  showing  a 
micrographic  structure.  It  is  not  a  true  granite,  and  yet  it  is  rather 
too  crystalline  for  a  normal  quartz-felsite  ...  I  never  saw  one 
like  it  among  the  Midland  Palaeozoics,  but  it  has  a  general  resem- 
blance to  the  rocks  of  the  Narborough  district."  There  is  no  proof 
however  that  the  whole  of  the  thickness  given  to  "  granitic  rock  " 
in  Mr.  Timmins'  account  of  the  borino:  consisted  of  the  rock  above 
described ;  there  is  indeed  strong  evidence  for  the  belief  that  it  did 
not.  In  the  first  place  I  am  informed  by  Mr.  Cameron  that  he  went 
over  to  Bletchley  at  the  time  they  were  boring  through  this  rock, 
and  selected  small  samples  out  of  the  foreman's  box  from  depths 
of  391  feet  and  393  to  396  feet  These  he  has  kindly  sent  to 
me,  pointing  out  that  they  are  simply  sandstones,  without  any  trace 
of  granitic  fragments  or  minerals.  Tlie  first  is  a  light-coloured  and 
fine-grained  sandstone  composed  of  small  quartz  grains  with  ferru- 
ginous staining ;  the  second  is  a  dark  brown  ferruginous  sandstone. 
Both  are  such  rocks  as  occur  in  the  Kellaways  Beds  at  the  base  of 
the  Oxford  Clay,  and  the  only  way  of  reconciling  their  existence 
with  the  recorded  oocorrenoe  of  granitic  rook  at  about  \]bk&  ^axdl^  ^^^n}gl 
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is  to  suppose  that  boulders  and  blooks  of  the  latter  rock  are  here 
imbedded  in  the  Eellaways  sandstone. 

This  explanation  would  neoessitate  our  assigning  a  thickness  of 
more  than  fifty  feet  to  the  Eellaways  Beds,  which  is  more  than 
usual,  but  Mr.  H.  B.  Woodward  tells  me  that  these  beds  vaiy 
considerably  in  thickness,  and  that  there  would  be  nothing  surprising 
in  their  having  a  depth  of  50  feet.  We  might  indeed  expect  ihem 
to  be  thicker  than  usual  at  a  locality  where  they  included  large 
blocks  of  a  foreign  rock.  On  this  supposition,  moreover,  the 
occurrence  of  an  ordinary  clay  at  the  bottom  of  the  boring  is 
naturally  accounted  for ;  whereas  if  the  material  above  were  assumed 
to  be  a  massive  igneous  rock,  its  presence  would  be  anomalous  and 
very  difficult  to  explain. 

It  has  already  been  mentioned  that  springs  of  saline  water  were 
found  at  depths  of  390  feet  and  410  feet.  Mr.  A.Timmins  hut 
kindly  fumiRhed  me  with  analyses  of  these  waters,  and  they  happen 
to  supply  further  evidence  that  the  beds  from  which  tJiey  issue 
belong  to  the  Eellaways  group.  The  analyses  show  340  grs.  and 
392  grs.  of  solid  matter  in  the  gallon,  the  following  being  the 
principal  ingredients : 

Higbest        Lowest 
Spring.         Spring. 

Combined  cblorine 76-00  91*40 

Sulpburic  anbydride  108-08  123-24 

Calcium  oxide 20*02  9-98 

Magnesium  oxide    4*89  437 

Residue  principally  soda. 

These  proportions  are  equivalent  to  about  123  grains  of  sodium 
chloride  in  the  highest  water,  and  150  grs.  in  the  lowest,  with  162 
grs.  of  sodium  sulphate  in  the  first,  and  185  grs.  in  the  second. 

My  attention  has  been  called  to  a  Report  on  Bedfordshire  well- 
waters  by  Dr.  C.  E.  Prior  to  the  Rural  Sanitary  Authority  of  the 
Bedford  District  (1888),  in  which  mention  is  made  of  a  band  of 
"  saliferous  rock "  which  appears  to  extend  with  the  Oxford  Clay 
formation  from  the  northern  border  of  the  parish  of  Kempton,  across 
Wootton,  and  some  way  into  Stanton."  He  gives  partial  analyses 
of  some  of  the  well-waters  which  derive  their  supply  from  this  rock, 
and  the  results  show  a  remarkable  correspondence  with  the  Bletchley 
well-water.  The  amounts  of  total  solid  matter  in  solution  vary 
from  188  grs.  to  250  grs.  per  gallon.  Chlorine  is  present  in  all  of 
them,  varying  in  amount  from  38  grs.  to  92  grs.  per  gallon.  Sul- 
phuric acid  is  present  in  several  and  sulphurous  acid  in  one.  Thus 
at  Lower  Shelton  Marston,  which  is  not  many  miles  north-east  of 
Bletchley,  a  well-water  contained  209*8  grs.  of  solids  per  gallon, 
72-1  being  chlorine  and  47*8  gi-s.  being  sulphuric  anhydride.  Dr. 
Prior  comments  on  the  very  large  quantity  of  sodium  chloride  which 
these  waters  appear  to  contain. 

There  can  be  little  doubt  that  the  saliferous  rock  of  Dr.  Prior  is 
one  of  the  beds  in  the  Eellaways  group,  for  all  the  places  he 
mentions  are  situate  on  the  lower  part  of  the  Oxford  Clay. 

To  sum  up,  the  information  available  with  regard  to  the  boring  at 
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Bletohley  points  to  the  conolusion  that  the  Eellaways  beds  are  there 
thicker  than  usaal,  that  they  include  blocks  of  a  peculiar  kind  of 
granitic  rook,  and  yield  a  saline  water  which  contains  large  quantities 
of  sodium  chloride  and  sodium  sulphate. 

The  occurrence  of  blocks  of  microgranulite  naturally  suggests 
the  possible  proximity  of  some  portion  of  the  eastern  PalsBOzoio  land. 
It  is  generally  conceded  that  the  floor  of  Palaeozoic  rocks  which 
underlies  the  eastern  counties  formed  part  of  a  land  area  during  the 
greater  part  of  the  Jurassic  period,  and  indications  of  the  neighbour- 
hood of  land  are  especially  abundant  in  the  Great  Oolite  group 
which  underlies  the  Oxford  Clay.  How  far  the  Oxford  Clay  sea 
encroached  on  this  land  area  we  do  not  know,  but  at  the  time  of  the 
Eellaways  Bock  the  shore  is  not  likely  to  have  receded  far  from 
the  line  which  it  occupied  in  Great  Oolite  times. 

The  granitic  boulders  may  have  been  carried  to  their  present 
position  by  floating  trees  borne  by  currents  from  the  eastern  land ; 
or  they  may  have  formed  part  of  a  small  island  which  had  be€>n 
gradually  reduced  in  size  by  the  encroachments  of  the  sea  till  a  more 
rapid  subsidence  enabled  the  waves  to  complete  its  destruction  ;  the 
last  peak  of  the  microgranulite  may  have  been  broken  up  in  a  stonn, 
and  its  component  blocks  scattered  over  the  surrounding  sand- banks. 
Let  us  hope  that  other  borings  in  Buckinghamshire  may  afford 
further  information  on  this  point ;  and  if  I  were  asked  to  indicate 
a  site  for  a  trial  boring  in  search  of  the  Palaeozoic  floor  with  its 
possible  Coal-measures,  I  should  mention  the  neighbourhood  of 
Aylesbury. 


VI. — Paleontology  in  the  Malton  Musbum. 

By  A.  Smith  Woodward,  F.G.8.,  F.Z.8. 

AMONG  the  local  Museums  of  recent  foundation,  it  would  be 
difficult  to  find  one  of  more  scientific  interest  and  importance 
than  that  of  the  Malton  Field  Naturalists'  and  Scientific  Society. 
The  commencement  of  the  collection,  indeed,  was  made  so  lately, 
that  it  might  naturally  be  expected  to  have  attained  little  beyond  the 
nucleus-stHge ;  but  as  an  exponent  of  local  Natural  History  it  already 
rivals  many  of  the  older  Museums,  and  the  object  of  the  present 
notice  is  briefly  to  call  the  attention  of  paleontologists  to  the  material 
it  affords  for  all  interested  in  the  investigation  of  Jurassic  and  Cre- 
taceous fossils. 

The  oldest  portion  of  the  Palaeontological  collection  is  a  series  of 
Corallian  fossils  obtained  many  years  ago  in  the  neighbourhood  of 
Malton  by  Mr.  S.  King;  but  the  recent  discoveries  form  by  far  the 
greater  portion  of  the  series,  and  these  have  been  collected  by  Mr. 
Samuel  Chadwick,  F.G.S.  The  only  difficulty  presented  to  the 
student  is  the  limited  amount  of  cabinet  and  exhibition  space,  which 
renders  it  impossible  to  arrange  more  than  a  small  typical  collection, 
and  it  is  to  be  hoped  that,  ere  long,  the  Society  will  be  in  possession 
of  sufficient  funds  to  erect  the  long-projected  new  building,  and 
rescue  the  sto wed-away  treasures  £rom  the  dark  Q^Uaxf^  vcl  ^Vi\^\i 
thej  are  atill  placed. 
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The  Upper  Lias  of  Whitby  is  represented  to  a  considerable  extent; 
but  the  later  Jurassic  formations  occurring  in  the  immediate  vicinity 
of  Malton  naturally  claim  the  largest  series  of  specimens.  In  addition 
to  the  Corallian  MoUusca  and  some  Eohinodermata  and  Cmstaoea,  a 
few  Sponges  have  lately  been  discovered  upon  this  horizon  by  Mr. 
Chadwick,  and  are  now  being  investigated  by  Dr.  Q.  J.  Hinde ;  and 
both  Eeptiles  and  Fishes  are  represented  by  numerous  teeth  and 
spines.  The  Yorkshire  Chalk  has  also  yielded  a  large  number  of 
specimens — the  collection  of  Sponges  from  Flamborough  beiDg, 
indeed,  enormous. 

Such  a  collection  necessarily  affords  much  of  interest  to  the 
specialist,  and  the  present  writer*s  notes,  made  during  a  recent 
visit  under  the  guidance  of  Mr.  Chadwick,  relate  exclusively  to 
the  Fossil  Yertebrata. 

Among  the  fossils  of  the  Whitby  Lias,  in  addition  to  remains  of 
the  ordinary  Eeptiles,  there  are  numerous  portions  of  the  gigantic 
Acipenseroid  Fish,  OyrosUus,  displaying  some  of  its  characteristic 
features,  as  lately  described  in  the  Proceedings  of  the  Geologists' 
Association.  A  detached  fin,  probably  of  Oyrosteus,  showing  a  sparse 
investment  of  dermal  prickles,  seems  to  be  unique ;  and  two  portions 
of  the  tail  exhibit  the  characters  of  the  caudal  scutes,  previously 
only  observed  in  a  specimen  in  the  York  Museum.  Both  the  fin 
and  the  caudal  scutes  differ  in  little  except  size  from  the  correspond- 
ing parts  of  Chondroateus  met  with  in  the  Lower  Lias  of  Lyme  Regis; 
but  the  more  important  structural  features  of  the  Whitby  fish  seem 
to  demonstrate  its  distinctness  from  the  latter  genus. 

In  the  Corallian  beds  of  Malton  Reptiles  are  only  represented  by 
detached  teeth  and  imperfectly  preserved  bones,  chiefly  Plesiosaurian 
and  Pliosaurian.  Fishes,  moreover,  occur  in  an  equally  fragmentary 
state,  but  are  somewhat  more  varied  and  abundant.  Among  these 
the  fine  series  of  teeth  of  Hyhodus  obtustu  described  by  Mr.  H.  M. 
Platnauer,^  is  conspicuous ;  and  there  can  be  no  doubt  as  to  the  cor- 
rectness of  the  specific  identification.  A  characteristic  dorsal  fin- 
spine  of  Asteracanthua  omatissimus  has  already  been  noticed  by  Mr. 
Chadwick  ;^  and  it  is  interesting  to  find,  upon  the  same  horizon  as 
this  fossil,  portions  of  the  large  cephalic  spines  well  known  to  occur 
with  remains  of  ABteracanthus  in  the  Oxford  Clay  near  Peterborough.* 
No  S^rop^odtM- shaped  teeth,  however,  have  as  yet  been  discovered  at 
Malton.  Several  slender,  pointed  Selachian  teeth  are  exactly  of  tbe 
form  long  ago  described  by  Agassiz,  under  the  preoccupied  name  of 
Spheiwdus*  from  the  Jurassic  rocks  of  the  Continent ;  and  no  fossils 
of  this  character  have  hitherto  been  recorded  from  British  strata. 
There  is  also  an  Ichthyodorulite  indistinguishable  from  the  dorsal 
fin-spine  of  the  existing  Cestracian — a  genus  believed  to  occur  fossil 
in  the  Lithographic  Stone  of  Bavaria,  and  the  possible  discovery  of 
the  teeth  of  this  Shark  in  the  Yorkshire  Corallian  will  be  awaited 

»  Ann.  Report  Yorksh.  Phil.  Soc.  1887.  p.  35,  pi  I  figs.  1-16. 

»  Third  Annual  Report  Malton  Field  Nat.  and  Sci.  Soc.  1886-86,  p.  6. 

'  Ann.  &  Mag.  Nat.  Hist.  [6]  vol.  ii.  p.  340,  pi.  xii.  figs.  7-8. 

*  Orthneoduaj  A.  S.  Woodward,  Catal.  Foas.  Fishes  Brit.  Mas.  pt.  i  (1889),  p.  349. 
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with  interest  Several  teeth  of  Chimaeroid  fishes  pertain  to  lachyodusy 
among  whioh  may  be  recognized  the  Middle  and  Upper  Jurassic 
species  J.  Egertoni ;  and  some  very  fine  examples  of  tooth-bearing 
jaws  indicate  the  presence  of  a  Pycnodont  Ganoid,  probably  Gyrodm, 

A  tooth  of  Ptychodus  from  the  Middle  Chalk  of  East  Lutton  seems 
to  be  referable  to  P.  rugosus ;  and  the  common  Cretaceous  Shark, 
Lamna  appendictdata,  is  represented  by  a  tooth  from  the  Lower 
Chalk  of  Wharram  Grange. 

Acquisitions  of  all  kinds  are  continually  being  made,  chiefly 
through  the  researches  of  the  Honorary  Curator,  Mr.  Chadwick  ;  and 
much  that  is  novel  and  interesting  is  being  met  with  in  nearly  all 
departments. 

le  EJ  V  I  E  ^W"  S. 

I. — Publications  or  the  Geological  Department  of  the 
Britisu  Museum  (Natural  History).  Catalogue  of  the 
Fossil  Cephalopoda  (Part  L).  By  Arthur  H.  Foord,  F.G.S. 
8vo.  pp.  xxxiL  and  344.  Illustrated  with  Fifty-one  Woodcuts. 
(1889,  London,  Triibner  &  Co.) 

DURING  the  past  eight  years,  a  veiy  valuable  series  of  Catalogues 
have  been  published,  under  the  authority  of  the  Trustees, 
descriptive  of  various  portions  of  the  fine  Collection  of  fossil 
organisms  preserved  in  our  great  National  Museum  of  Natural 
History.  One  of  the  latest  of  these,  by  Mr.  A.  H.  Foord,  issued  in 
January  last,  gives  us  the  first  instalment  of  what  cannot  fail  to  be 
a  most  acceptable  contribution  to  our  knowledge  of  the  testaceous 
remains  of  that  ancient  group,  the  Cephalopoda,  which  in  Scandi- 
navia, Bohemia,  and  elsewhere,  often  form  entire  beds  of  limestone 
with  their  many-chambered  shells. 

So  much  having  been  published  of  late  years  both  in  Europe  and 
America  upon  the  Cephalopoda,  it  became  extremely  desirable  to 
have  a  Catalogue  of  our  own  National  Collection,  in  order  that  we 
might  know  how  far  it  could  be  deemed  to  be  a  fairly -complete 
representation  of  what  must  certainly  be  looked  upon  as  the  highest, 
and  also  the  most  interesting  class  of  the  MoUusca. 

If  we  may  form  a  criterion  of  the  whole  collection  from  the 
present  Catalogue,  which  embraces  seven  families  only,  namely, 
the  Orthoceratidsd,  the  EndoceratidsB,  the  Actinoceratidas,  the  Gom- 
phoceratidsB,  the  Ascoceratidad,  the  Poterioceratidss,  and  the  Cyrto- 
ceratidae,  which  are  only  a  part  of  the  suborder  Nautiloidea,  we 
have  a  right  to  conclude  that  the  Cephalopoda  are  remarkably  well 
represented  in  the  Geological  Department,  and  that  this  Catalogue, 
when  completed,  will  be  one  of  the  best  of  its  kind  ever  produced. 

Under  each  genus,  the  generic  characters  are  carefully  given,  and 
similarly  under  each  species  the  synonymy  and  references,  the 
specific  characters,  with  the  horizon  and  locality  of  each,  and 
remarks  upon  the  specimens  described.  In  fifty-one  instances  the 
species  are  figured  as  woodcuts  in  the  text  carefully  drawn  with  the 
author's  own  hand. 
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The  introduotion  oontains  a  most  excellent  review  of  tbe  progress 
of  research  by  students  of  the  Cephalopoda,  amongst  the  most  able 
of  whom  are  Barrande,  Noetling,  Zittel,  Mojsisovics,  Hjatt,  and 
Blake,  besides  many  others. 

To  Prof.  Hyatt  we  are  indebted  for  a  vast  amount  of  most  patient 
and  exhaustive  research  into  the  origin,  structure  and  modes  of 
growth  of  the  cephalopod  shell ;  and  whether  we  agree  in  whole,  or 
only  in  part,  with  his  views,  we  cannot  but  admire  the  great  amount 
of  excellent  work  which  he  has  achieved.  Like  other  primitive 
groups,  the  Cephalopoda  have  not  escaped  the  efforts  of  the  embryo- 
legists,  who,  basing  their  classification  upon  the  difference  in  the 
structure  of  the  initial  chamber  in  the  Ammonoidea  and  the  Nauti- 
loidea,  have  placed  the  former  in  the  Dibranchiata,  on  the  ground 
that  the  nucleus  (protoconch)  in  the  Ammonites  agrees  with  that  of 
Spirtda,  rather  than  with  that  of  Nautilus,  Hyatt  however  has  found 
the  shrivelled  remains  of  the  protoconch  in  two  species  of  Orthoceras 
(0.  elegans,  and  0.  unguis)^  which  he  has  figured  in  "Science"  for 
Feb.  1884,  p.  126.  But  the  importance  of  such  a  character  for 
purposes  of  classification  is  very  doubtful.  Indeed,  Dr,  Zittel  has 
well  pointed  out  that  no  special  systematic  value  has  been  attached 
to  the  presence  or  absence  of  the  embryonic  shell  (nucleus)  in  the 
Gasteropoda,  which  corresponds  with  the  initial  chamber  of  the 
shells  of  Cephalopoda,  and  ought  to  be,  and  indeed  no  doubt  is,  of 
equal  value  (Introduction,  pp.  vii  and  viii). 

Of  course,  in  the  absence  of  all  the  soft  parts  of  the  animal, 
advantage  has  to  be  taken,  for  purposes  of  classification,  of  all  the 
various  points  of  structure  of  the  shells  of  these  Palaeozoic  Molluscs. 

In  considering  the  development  of  the  siphuncle.  Professor  fiyatt 
has  assumed  that  the  ancestral  forms  of  the  Cephalopoda  had  closed 
cceca  instead  of  a  siphuncle,  and  that  these  were  the  "initial  stages" 
of  the  necks  of  the  septa ;  he  further  imagines  that  these  cieca, 
•*  becoming  prolonged  in  descendant  forms,  were  differentiated  into 
the  funnels,  the  remnants  of  the  caBca  and  the  thinner  walls  of  the 
sheath  proper  connecting  them  were  formed  by  the  fleshy  siphon. 
This  is  the  condition  of  the  siphon  in  the  typical  forms  and  in  the 
tubular-siphoned  Orthoceras,  but  in  some  aberrant  genera  l_Endoceras 
and  Piloceras'}  the*  fleshy  siphon  widens  near  the  living  chamber, 
becoming  conical  and  forming  a  sheath.  These  sheaths  lie  in  the 
large  tube  formed  by  the  true  funnels.,  and  may  deposit  permanent 
diaphragms  as  in  Endoceras^ 

Since  Hyatt  wrote  the  foregoing,  new  light  has  been  thrown  upon 
this  subject  by  the  discovery  of  the  initial  chamber  of  Endoceras,  by 
Dr.  Gerard  Holm,  of  Upsala.  The  enormous  size  of  this  chamber, 
which  is  continuous  with  the  siphuncular  cavity,  lends  countenance 
to  Dr.  Zittel's  view  that  the  siphuncle  was  originally  a  remnant 
of  the  visceral  sac.  A  similar  opinion  was  enunciated  by  Dr.  H. 
Woodward  in  his  paper  "  On  the  Structure  of  Camerated  Shells,"  ^ 
in  which,  after  quoting  Owen's  statement  regarding  the  connection 
between  the  Nautilus  pompilius  and  its  shell,  to  the  effect  that  a 

J  "Popular  Science  Review,"  1872,  vol.  li.  jp.  113. 
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third  point  of  attachment  is  to  the  bottom  of  the  shell  by  the 
posterior  extremity  of  the  mantle,  which  probably  presents  a  conical 
form  in  the  embryo  Nautilus,  he  continues,  if  then,  the  siphuncle 
in  the  young  stage  forms  the  main  point  of  attachment  between  the 
animal  and  its  shell,  we  may  reasonably  argue  that  the  siphuncle  in 
the  adult  Nautilus  is  simply  the  evidence  of  an  aborted  embryonal 
organ  whose  function  is  now  fulfilled  by  the  shell-muscles,  but 
which  in  the  more  ancient  and  straight- shelled  representatives  of 
the  group  (the  Orthoceratites)  was  not  merely  an  embryonal,  but  an 
important  organ  of  attachment  between  the  animal  and  its  shell  in 
the  adult. 

It  has  been  observed,  however,  that  the  shell-muscles  in  Nautilm 
are  incapable  of  bearing  even  a  slight  strain,  and  that  the  animal 
seems  readily  able  to  detach  itself  from  its  shell  when  injured  (see 
Introduction,  p.  xi). 

Full  justice  is  done  by  Mr.  Foord  in  his  "  Introduction  "  to  all 
the  various  writers  on  the  Cephalopoda,  and  the  views  of  M.  Barrande 
on  the  appearance  in  time  and  the  distribution,  both  in  time  and 
space,  of  the  several  families  of  the  Nautiloidea,  are  fully  given. 

Mr.  Foord  quotes  the  opinion  of  von  Jhering,  Prof.  Hyatt,  and 
8.  P.  Woodward,  that  probably  Tentaculites  may  have  been  the  pro- 
totype of  the  Cephalopoda,  an  opinion,  however,  which  Prof.  James 
Hall  does  not  share  (p.  x). 

In  the  search  for  connecting  links  between  the  Nautiloidea  and 
Ammonoidea,  our  attention  is  arrested  by  the  peculiar  form  BactriteSf 
which,  though  probably  a  true  Nautiloid,  is  connected  by  its  ventral 
sutures  with  the  Ammonoidea  through  Mimoceras,  Hyatt.  Again, 
in  the  ClymenidaB  and  Ooniatitidse  of  the  Devonian  and  the  Carbon- 
iferous and  in  the  Ceratitidse  of  the  Trias  a  very  decided  approach 
is  maile  towards  the  complicated  sutural  line  of  the  Ammonoidea. 
It  is  worthy  of  note  also  that  the  Ooniatitids,  which  are  in  many 
respects  Nautiloid  in  their  characters,  made  their  first  appearance  in 
the  Devonian,  and  therefore  after  the  Nautiloidea  bad  attained  their 
maximum  of  development,  which  took  place  in  the  Silurian  epoch. 

Concerning  the  first  appearance  and  distribution  of  the  earlier 
forms  of  life  in  the  European  area,  it  has  been  suggested  by  Dr. 
Hicks  that  they  originated  in  the  warmer  or  more  equatorial 
regions,  where  it  is  probable  that  the  principal  changes  in  their 
development  took  place ;  and  that  they  gradually  migrated  north- 
wards as  the  thermal  conditions  became  more  favourable,  owing  to 
the  subsidence  of  the  land  and  the  consequent  spread  of  the  seas  in 
Northern  latitudes.  Here  "  the  groups  as  they  successively  appeared 
always  contained  evidence  of  advance  in  development  over  those 
which  had  previously  reached  the  areas." 

The  result  of  recent  discoveries  relating  to  the  structure  of  the 
shells  of  Endoceraa,  Filocercu,  ActinoceraSy  and  Aacoceraa  will  be 
found  under  the  descriptions  of  those  genera,  with  the  exception  of 
Aacoceras,  some  new  facts  having  come  to  light  regarding  that 
genus  since  the  description  of  it  was  printed :  these  facts  are 
detailed  in  the  Supplement  (p.  334),  at  the  end  of  th^  ^olum:^^  ^\2l^ 
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have  been  given  even  more  fnlly  with  figares  in  this  Magazine  for 
December,  1888,  by  Dr.  Gnstav  Lindstrom  (p.  532),  and  subsequently 
in  March  last  by  Mr.  A.  H.  Foord  (p.  121). — IntrodvtetiaH,  pp.  xrii 
and  xviii. 

Besides  giving  a  ''Table  of  the  Nautiloidea,"  prepared  with  a 
view  to  show  the  groups  into  which  the  species  described  by  the 
author  have  been  subdivided,  Mr.  Foord  has  also  provided  an 
excellent  quarto  table  of  the  classification  of  the  Lower  Palasozoic 
rocks  of  Europe  and  North  America,  giving  as  nearly  as  possible 
the  corresponding  horizons  for  Britain,  Scandinavia,  Russia,  Biohemia, 
France,  and  North  America.  This  in  itself  forms  a  most  valuable 
boon  to  the  scientific  worker,  and  will  prove  highly  aooeptable  for 
other  groups  besides  the  Cephalopoda. 

We  are  greatly  indebted  to  Mr.  Foord  for  this  his  first  instalment 
of  a  Catalogue  of  the  Fossil  Cephalopoda  in  the  British  Museum,  and 
we  trust  he  will  not  rest  until  he  has  completed  this  great  work,  and 
we,  for  our  part,  will  continue  to  pray  for  its  speedy  delivery  by 
Messrs.  Taylor  and  Francis,  equally  well  executed  in  its  entire  form 
as  is  the  volume  now  before  us. 


U. — Catalogue  of  the  Fossil  Fishes  in  the  British  Museum 
(Natural  History).  Part  I.  comtainimo  the  Elasmo- 
BRAMGHii.  By  Arthur  Smith  Woodward,  F.G.S.,  F.Z.S. 
8vo.  pp.  xlvii.  and  474,  with  17  Plates  and  15  Woodcuts. 
(London,  Triibner  &  Co.,  Printed  by  order  of  the  Trustees.) 

"TTNDER    the  above   modest   title  we  are  presented    with  an 
U      important  systematic   and   descriptive  work   on   the   Taxo- 
nomical  bearing  and  position  of  the  extinct  Elasmobranch  Fishes, 
and  their  relation  to  existing  members  of  the  group. 

The  fossil  forms  are  numerous,  and  range  in  geological  time  from 
the  deposition  of  the  Lower  Carboniferous  rocks — and  even  earlier, 
assuming  that  certain  spines,  from  Devonian  and  Silurian  deposits, 
really  belong  to  Elasmobranch  fishes — and  through  all  subsequent 
geological  periods  into  the  later  Tertiaries.  The  geographical  range 
is  also  co-extensive  with  that  of  the  other  subclasses  of  extinct 
fishes. 

The  fossil  remains,  with  few  exceptions,  and  these  mostly  of 
recent  acquisition,  consist  mainly  of  unconnected  portions  of  cartil- 
age, vertebrae,  bony  spines  (Ichthyodorulites),  and  teeth.  This  dis- 
association  of  important  parts  greatly  puzzled  the  earlier  naturalists 
in  their  efibrts  to  determine  the  nature  and  connection  of  these 
fragments  with  each  other ;  and  also  in  realizing  the  near  a£5nity 
of  some  of  the  extinct  forms  to  existing  genera.  But  the  researches 
of  later  investigators,  with  far  greater  facilities  for  comparison 
and  intercommunication,  combined  with  the  discovery  in  some 
localities  of  specimens  more  or  less  completely  preserved,  have 
minimized  many  of  the  difficulties  encountered  by  the  pioneers  of 
the  science.  But,  notwithstanding  these  advantages,  Uie  modem 
exponent  still  has  his  difficulties,  as  he  must  very  often  base  his 
conclusions  with  regard  to  the  genus,  species,  or  the  affinity  of  a 
foBsil  Bab  upon  a  mere  fragment  ol  '\\.»  oT^wi\wsi, 
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In  the  preparation  of  the  Catalogne,  which  is  much  more  than  a 
classified  oompilation  of  families,  genera,  and  species,  the  author 
has  studied  the  best  works  of  the  latest  writers  on  the  Taxonomy 
and  Morphology  of  the  group,  whether  palssontologioal  or  zoological, 
and  with  manifest  advantage.  He  adds  a  few  brief  comments  on 
some  systems  of  arrangement  hitherto  proposed,  and  on  a  few  of  the 
various  opinions  regarding  the  affinities  of  certain  forms.  The 
volume  also  contains  many  valuable  original  descriptions,  observa- 
tions, and  revisions  of  importance.  The  aim  and  scope  of  the  work 
is  related  in  the  opening  paragraph  of  the  Introduction,  which  we 
reproduce.  The  author  states :  *'  The  present  volume  being  the 
first  attempt  at  a  systematic  treatment  of  the  Palseontology  of  the 
Elasmobranch  fishes,  it  seems  a  fitting  occasion  for  briefly  reviewing 
the  bearing  of  the  newly  collected  evidence  upon  the  various  results 
that  have  already  been  attained  in  the  study  of  the  existing  members 
of  this  great  subclass.  Notwithstanding  its  imperfections.  Palaeon- 
tology must  necessarily  be  employed  as  the  test — if  it  be  not  adopted 
as  the  basis — for  all  morphological  and  taxonomic  speculations ;  and 
though  the  pages  of  the  Catalogue  may  indicate  extreme  imperfection 
in  our  knowledge  of  the  past  history  of  most  groups,  there  are  still 
a  few  well-ascertained  facts  which  may  be  already  profitably  dis- 
cussed with  reference  to  the  conclusions  of  recent  Zoology." 

•*  It  is  therefore  proposed : — firstly,  to  enumerate  the  principal 
stages  by  which  the  most  modem  schemes  of  classification  of  the 
group  have  been  elaborated;  secondly,  to  summarize  the  known 
and  available  resources ;  thirdly,  to  recapitulate  the  more  important 
pal  seen  tological  results  ;  and  lastly,  to  discuss  these  results  in  the 
light  of  modem  theories  of  taxonomy." 

Under  the  heading  ''Taxonomic  Deductions  from  the  Study  of 
Becent  Elasmobranchs,"  the  author  gives  a  brief  summary  of  the 
diverse  classifications,  and  the  varying  terminology  adopted  or 
proposed  by  naturalists  of  repute,  to  distinguish  the  existing 
fii^hes  assigned  to  the  cartilaginous  group ;  the  following  being 
the  most  important,  commencing  with  Willughby  and  Kay, 
who  *'  inangurated  the  era  of  modem  Ichthyology  in  1686." 
These  authors  **  assigned  to  the  Pisoes  Cabtilaginei,  the  Lampreys, 
Sharks,  Rays  and  Sturgeons."  This  arrangement  was  accepted 
by  Artedi  (1788),  who  made  the  group  an  ** order"  named 
Chondboftkbtgii.  It  was  afterwards  adopted  by  Linnsus,  who 
enlarged  the  group  by  the  addition  of  other  forms,  "and  proposed 
the  new  term  of  Amphibia  Namtes."  In  1806  Dum6ril,  following 
Lac^p^e,  who  had  returned  to  Artedi's  conception  of  the  Chondro- 
pterygii,  proposed  the  name  of  TatMATOPNis  for  the  fishes  **  possessing 
neither  operculum  nor  opercular  membrane,"  to  contain  two ''  families  " 
which  he  termed  Cyclostomes  and  Plagios tomes.  **  The  latter  group 
compriaed  the  Sharks  and  fiays,"  the  Chimaeroids  being  "placed  far 
apart."  Cuvier  later  on  added  the  ChimsBroids  to  the  Plagiostomcs 
and  renamed  the  group  Sdachiens.  Bonaparte  (1832-1841)  ''pro- 
posed to  elevate  this  group  into  a  subclass  of  Elasmobranchii,  the 
two  sabdivisions  to  be  regarded  as  orders  and  knovm  t^^^\.v^^V:^ 
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as  Selaeha  (Sharks  and  Bays)  and  Holocephala  (ChimsBroids)  ;  '*  and 
the  Cyolostomes  to  constitute  a  distinct  subclass.  Agassiz  aboat  the 
same  time  *'  reunited  these  two  subclasses  under  an  order  termed 
Placaidei."  '*In  1846  J.  Miiller  adopted  Bonaparte's  subclasses, 
though  using  the  term  Selachii  as  equivalent  to  Elasmobranchii,  and 
naming  the  two  orders,  Plagiostomi  and  Holocephali."  Bonaparte's 
classification  was  also  adopted  in  1870  by  Dr.  Giinther,  but  he 
termed  *'the  subclasses  Chondropterygii  and  Gyclostomata  re- 
spectively, and  the  orders  of  the  former  Plagiostomata  and  HoUh 
cephala ;  while  the  Plagiostomes  were  further  divided  into  the 
suborders  of  Selachoidei  and  Batoidei."  But  in  1871  Dr.  Giinther 
instituted  his  subclass  Paubighthyes,  of  which  the  Chondropterygii 
became  an  order,  and  Plagiostomata  and  Holocephala  were  reduced 
to  suborders.  In  the  same  year  Prof.  Cope  proposed  to  unite  the 
Sharks  and  Hays  in  one  subclass  (Sklachi)  and  the  Chimseras  to 
form  another  (Holocephali)  ;  **  this  arrangement  being  based  upon 
the  fundamental  difference  in  the  structure  of  the  skull  already 
indicated  in  Bonaparte's  second  term."  This  classification  was 
accepted  by  Prof.  Huxley  in  1876,  but  he  regarded  the  two  gronps 
as  orders,  **  and  preferred  the  term  Plagiostomi  to  that  of  Selacbi." 
Our  author  also  adopts  Cope's  classification,  and  adds,  "Most  modem 
researches  have  also  tended  to  emphasize  the  distinction  between 
fishes  with  autostylic,  and  those  with  hyostylic  skulls,  both  among 
those  without  membrane-bones  and  those  possessing  these  skeletal 
elements ;  and  such  is  the  arrangement  selected  for  adoption  on  the 
present  occasion." 

"With  regard  to  terminology,"  the  author  observes,  "the  only 
term  originally  restricted  to  the  cartilaginous  hyostylic  fishes  is  that 
of  *  Plagiostomi,*  proposed  by  C.  Dumeril;  but  this  is  both  inappro- 
priate  in  many  instances,  and  also  based  upon  a  misconception  of 
the  supposed  relationship  existing  between  the  Lampreys  and  the 
Sharks.  We  therefore  venture  to  follow  Prof.  Cope  in  adopting 
Bonaparte's  name,  Elasmobranchii,  excluding  the  Holocephali,  and 
elevating  these  to  the  rank  of  an  equivalent  subclass." 

Prof.  Cope,  in  1884,  established  a  new  order  of  the  Elasmobranch 
subclass,  based  upon  his  studies  of  some  fish  remains  from  the 
Permian  beds  of  Texas,  possessing  teeth  of  the  Diplodus  type,  and 
also  exhibiting  '*an  arrangement  of  the  mandibular  and  hyoid  arches 
extremely  similar  to  that  observed  in  the  living  Notidanus"  There 
are  other  supposed  distinctive  structural  characters  of  the  cranial 
elements;  and  upon  these  fossils  Prof.  Cope  founds  his  genus 
DidymoduSf  to  be  included  with  Pleuracanthus  and  the  Hybodontidse 
in  an  order  he  terms  Ichthyotomi. 

The  necessity  for  forming  a  new  order  for  the  reception  of  Pleura* 
canthm  has  also  recently  (1888)  been  remarked  by  M.  Charles 
Brongniart,  who  has  been  able  to  study  numerous  specimens  of 
the  genus,  in  fair  preservation,  obtained  from  the  Middle  Coal- 
measures  of  France.  The  evidence  thus  attained  enables  him  to 
attempt  the  restoration  of  the  entire  skeletal  structure  of  the  fish ; 
and  to  suggest  inclusion  in  a  new  order  which  he  proposes  to  term 
''Pieuracanthides." 
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Again,  with  regard  to  subordinal  divisions.  Sir  Eichard  Owen 
in  '*  PalsdODtology "  (1860),  ranks  the  Plagiostomi  as  an  order, 
and  recognizes  four  families:  the  Cestraciontidso,  including  the 
living  Port  Jackson  Shark  and  the  fossil  forms  supposed  by  Agassiz 
to  be  allied  to  it;  the  HybodontidaB  for  the  extinct  Hybodonts;  and 
the  SqualidsB  and  Raiidte  for  the  Sharks  and  Bays.  Subsequently 
(1866),  he  elevated  these  families  into  suborders,  the  Squalidae 
becoming  Selaohii,  the  BaiidsB,  Batides;  and  the  Cestracionts  and 
Hybodonts  forming  one  suborder  named  Gestraphori,  *'  in  allusion 
to  the  presence  of  dorsal  fin-spines." 

In  1882  Prof.  C.  Hasse  proposed  as  the  result  of  his  studies  of  the 
axial  skeleton,  a  classification  '*  based  upon  the  varied  conditions 
of  the  notoohord  and  the  vertebrse,  **  founding  thereon  four  groups 
which  he  named  respectively :  Palaonotidani,  in  which  the  noto- 
ohord is  persistent;  the  CycloBpondyliy  with  partial  calcification  at 
intervals  in  the  notochordal  sheath,  represented  by  the  Spinacidse; 
the  Tectospandyli,  with  numerous  calcified  rings,  comprising  the 
modem  Rays,  with  their  near  allies  the  Pristiophorids  and 
Squatinidse ;  and  finally,  the  AsteroBpondyli,  in  which  the  calcifica- 
tion is  ''so  arranged  as  to  appear  radiating  or  star-shaped  in  vertical 
transverse  section."  The  author  deems  this  classification  one  of  much 
significance ;  for  the  various  modifications  of  the  cranium  afford  no 
**  satisfactory  basis  for  the  definition  of  subordinal  groups,"  and  the 
types  of  axial  skeleton  defined  by  Hasse  correspond  nearly  with  the 
accepted  divisions  of  the  Selachii,  namely,  the  Sharks  and  Rays.  Thus 
the  "Tectospondyli"  comprise  the  Rays  and  their  near  allies,  the 
Pristiophoritlad  and  SquatinidaB,  while  the  ''  Asterospondyli  " 
include  the  Cestraciontidss  and  other  Sharks.  Eliminating  Hasse's 
first  two  groups,  the  members  of  which  "  may  be  variously 
distributed"  in  the  other  two,  the  author,  in  part,  accepts  this 
classification  and  terminology  as  being  in  his  view  the  best  to 
define  the  subordinal  divisions  of  the  group,  and  which  is  applicable 
alike  to  the  extinct  and  recent  forms.  This  arrangement  has  the 
merit  of  being  simple  as  well  as  natural. 

The  numerous  palsdontological  authorities  consulted  in  the  pre- 
paration of  the  Catalogue  are  enumerated,  and  the  titles  of  their 
respective  works  annexed,  forming  a  goodly  list.  The  geological 
formations  and  localities  whence  the  remains  of  the  principal  ifossil 
groups  have  been  derived  are  also  briefly  detailed. 

The  teeth  and  bony  spines  of  fishes  and  other  fossil  remains  have 
long  been  known,  and  greatly  perplexed  the  early  observers  in 
their  attempts  to  unravel  their  history.  Thus,  the  teeth  of  Sharks 
were  described  as  the  petrified  tongues  of  fishes,  and  named  Glosso- 
petrcB. 

An  English  author  early  in  the  seventeenth  century  ^  thus  quaintly 
describes  them : — ''  Potters,  in  working  their  clay  which  is  gotten  in 
some  especiall  place,  doe  find  in  it  certaine  things  which  are  as  hard 
as  stone,  and  of  the  very  forme  and  shape  of  the  tongues  of  some 

I  Richard  YeiBtegan,  A  Restitutioii  of  Decayed  Intelligence,  1605. 
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sorts  of  fishes,  each  with  the  root  unto  it,  to  make  it  the  totj  mark- 
able,  and  right  proportion  of  such  a  kind  of  tonji^e  in  all  respeots.** 
Their  true  nature  was  first  made  known  by  Steno  in  1660,  sod 
later  by  Scilla  in  1752,  who  compared  them  with  teeth  of  reoeat 
Sharks.  The  bony  spines  were  supposed  to  be  jaws,  and  some  eTeii 
to  be  plants.  That  they  were  the  dorsal  fin-spines  of  extinct  Elas- 
mohranch  fishes  was  first  proved  by  Buckland  and  De  la  Beche 
about  1830,  who  proposed  the  term  '' Ichthyodorulites."  '' Agaiisis 
named  many  of  them,  and  assigned  a  few  to  their  correct  zoologioal 
position.'*  Agassiz  is  also  credited  as  being  ''  the  first  to  place  the 
study  of  Elasmobranoh  Palseontology  upon  a  truly  scientific  basis ; " 
and  his  great  work  as  still  forming  *^  the  groundwork  of  the  whole 
subject"  The  researches  of  numerous  subsequent  authors  on  the 
same  subject,  whether  of  a  general  character  or  limited  to  a  descrip- 
tion of  the  fauna  of  a  geological  horizon,  of  a  country,  or  a  district, 
are  respectively  noticed. 

In  a  '*  Synopsis  of  Paleeontological  Results,"  the  aathor  states 
that  the  general  results  of  these  discoveries  and  investigations  add 
much  that  is  new,  and  the  main  points  of  biological  significance 
are  briefly  enumerated. 

To  give  an  intelligible  resume  of  the  descriptions  of  the  internal 
and  external  skeleton  and  the  dentition  would  exceed  the  limits 
of  this  notice.  The  respective  portions  described  are  first  the 
"  Cartilage  " ;  and  this,  even  in  the  Lower  Carboniferous,  **  exhibits 
a  considerable  amount  of  calcification."  The  "  Head  and  Visceral 
Arches  "  come  next,  and  all  that  is  known  regarding  the  structure 
of  the  extinct  Elasmobranoh  skull  in  the  various  genera  is  fully 
detailed.  The  structure  of  the  "  Vertebral  Column,^*  and  its  import- 
ance as  an  element  in  the  classiBcation  of  the  group,  has  been 
already  referred  to.  The  structural  characters  of  the  "  Pectoral  antd 
Pelvic  Arches  and  Fins,**  respectively,  and  of  the  **  Median  Ftnt" 
follow ;  the  **  Shagreen  and  Dermal  Defences  "  are  the  next  objects 
of  comment,  and  finally  the  "  Dentition" 

With  respect  to  the  adoption  of  a  classification  for  the  extinot 
Sharks  and  Rays,  the  author  observes,  that  **  the  first  point  to  be 
considered  is  the  validity  of  Prof.  Cope's  division  of  the  subclass 
into  the  two  orders  Ichthyotomi  and  Sklachii."  The  first  order 
was  founded  upon  certain  modifications  observed  in  the  structure 
of  the  skull,  the  pectoral  fins,  pelvic  arch,  and  the  axial  skeleton  of 
the  European  Pleuracanthtis  and  the  American  Didymodus;  these 
modifications  being  sufiGiciently  pronounced  as  to  justify  an  ordinal 
separation  from  the  other  groups  of  the  subclass.  But  the  principal 
character  is  the  structure  of  the  pectoral  fin,  in  which  the  metaptery- 
gium  forms  a  long  segmented  central  axis,  and  as  this  structure 
**  differentiates  the  Crossopterygii  from  the  higher  Granoidei  or 
Actinopterygii,"  the  same  character  separates  the  Ichthyotomi— 
though  perhaps  less  widely — from  the  Selachii.  The  order  there- 
fore, as  here  defined,  is  limited  to  those  fishes  that  possess  this  type 
of  fin.  The  reason  for  the  inclusion  of  the  Sharks  and  Rays  in  one 
order  ia  explained  by  the  difficulty  of  defining  a  distinct  line  of 
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9marcation  between  the  Sharks  with  lateral  gill-olefts  and  the 
ays  with  ventral  gill-olefts,  seeing  that  there  ai*e  many  intermediate 
radations  of  skeletal  structure,  of  habit,  and  of  external  form  by 
'hioh  one  ^oup  passes  into  the  other.  Some  of  these  gradations 
w  enumerated  in  the  following  passage : — "  The  Squatinids  and 
rtstiophoridse,  for  example,  possess  lateral  gill-clefts,  like  Sharks ; 
at  the  structure  of  the  vertebrse,  the  partial  growth  forwards  of  the 
BOtoral  propterygium  in  SqtMttnaj  and  several  striking  resemblances 
listing  between  PrtBiiophorus  and  Prisiis  and  Rhinobatus,  all  point 

>  the  Squatinidse  and  Pristiophoridee  as  probably  survivors  of  an- 
Bstral  Rays." 

For  the  grouping  of  families  and  genera,  "the  arrangement 
)nnulated  by  Dr.  Gunther  in  his  Catalogue  of  1870  for  the  recent 
>nns,"  is  adopted,  and  where  possible  the  "extinct  families  and 
enera  will  be  incorporated  among  them." 

We  have  referred  at  some  length  to  this  subject  of  classification, 
.  being  an  important  element  in  the  work.  Although  Bonaparte's 
lassifioation  and  terminology  for  the  whole  group  is  adopted, 
[asse's  subdivisions  founded  upon  the  structure  of  the  axial 
celeton,  and  Cope's  new  order  based  upon  other  structural 
laracters,  have  been  added  ;  but  each,  as  already  stated,  with  modi- 
cations  and  restrictions,  the  result  being  an  emphatically  new  classifi- 
ition,  which  appears  to  be,  approximately,  a  good  natural  one,  in  our 
resent  knowledge  of  the  fossil  groups.  The  author  modestly 
^serves  that  "this  Catalogue,  however,  can  only  be  regarded  as  a 
rovisional  attempt  to  systematize  and  arrange  the  ascertained  facts 
'  Elasmohraneh  Palsdontology  for  convenience  of  reference." 

In  the  Catalogue  a  diagnosis  of  the  principal  distinguishing 
laraoters  is  attached  to  each  order,  family,  genus  and  species 
wpectively,  with  comments.  The  nature  of  the  type  specimen, 
^here  preserved,  if  known,  and  the  formations  and  localities  whence 
le  various  specimens  have  been  derived,  are  also  given.  The 
f  nonyms  of  the  genera  and  species,  if  any,  also  lists,  with  references, 
)  all  the  species  of  each  genus  described,  as  far  as  ascertainable, 
nt  of  which  no  specimens  are  in  the  Museum,  are  included.  All 
lese  details  have  necessitated  much  labour  and  research,  the  result 
eing  a  most  valuable  work  of  special  reference. 

The  first  Order,  Ichthyotomi,  as  already  mentioned,  is  limited  to 
lose  fishes  having  a  long  segmented  axis  in  the  pectoral  fins, 
ualogous  to  that  in  the  Ganoid  Crossopterygians ;  it  comprises 
le  families  Fleubacanthioa  and  CLADonoNTiDiE.  To  the  former  are 
ssigned  the  genera  Pleur acanthus ,  Diplodiis,  and  Chondrenchelya, 
Ve  have  here,  on  the  very  threshold  of  the  Catalogue,  interesting 
vidence  of  the  progress  of  recent  palssontological  investigations  into 
le  nature  and  relationships  of  various  imperfect  fragments  described 
y  previous  authors,  in  the  merging  of  many  genera  into  one. 
bus  to  the  genus  Fleuracanthns^  founded  by  Agassiz  for  the  re- 
)ption  of  some  barbed  spines  from  the  Coal  Measures,  are  referred 

>  less  than  thirteen  genera,  namely,  Diplodus,  Orthacanthus,  Xena- 
mthus,  Triodus,  Compaacanthus,  DiUoduSf  Agauodus,  Ocfi(odu«,  PUt- 
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nodus,  ThrinacoduSf  Lophacanthis,  Anodontacantktts,  and  Didymttdu, 
Dtplodus,  however,  is  provisionally  retained  for  the  teeth  not 
correlated  with  spines. 

Pleuracanthus  decheniy  a  small  species  from  the  Lower  Permian  of 
Hhenish  Prussia  and  elsewhere,  has  been  long  and  is  best  known  by 
numerous  specimens  in  fairly  complete  preservation.  With  the 
exception  of  P.  Gaudryi and  P,  (Didymodus)  texensis,  the  other  species 
are  only  known  by  teeth  and  the  cephalic  spines,  the  latter  being 
placed  on  the  head  in  advance  of  a  small  fin.  Teeth  and  spines  in- 
dicate that  some  species  or  individuals  attained  a  lai^  size.  The 
remarkable,  but  imperfectly  known  Choftdrenchelys,  disoovered  by 
Dr.  Traquair  in  the  Lower  Carboniferous  rocks  of  Eskdale,  is 
provisionally  placed  in  this  family  on  account  of  the  resemblance 
to  Pleuracanthus  of  the  axial  skeleton,  the  similarity  of  the  form 
of  the  body  and  the  presence  of  a  long  dorsal  fin,  but  it 
has  no  cephalic  spine.  The  CLADODONTiDiB  are  '*  an  indefinable 
family,  apparently  closely  allied  to  the  Pleuracanthidte."  Dr.  Tra- 
quair has  discovered  the  pectoral  fins  of  the  type  genus  CladoduSy 
and  states  that  they  possess  the  characteristic  structure  of  the  order. 
But  with  this  exception,  all  the  species  of  the  family  are  only  known 
by  detached  teeth,  no  spines  being  assigned  to  the  group.  Six 
genera  are  noticed,  three  being  American,  but  of  these  there  are  no 
specimens  in  the  collection.  Phcebodus  is  a  Devonian  genus  from 
Iowa.     The  other  genera  only  occur  in  rocks  of  Carboniferous  age. 

We  next  come  to  the  order  Sklachii,  and  the  suborder  Tectospofidylu 
comprising  twelve  families,  the  first  being  the  Spinacidjs,  and  the 
last  the  Trygonid^.  The  first  family,  Spinacidsd,  contains  fossil 
representatives  of  the  existing  genera  Centrina,  Acanthias,  Centro- 
phoruSf  Sptnaxt  and  SajmnuSy  hitherto  classed  with  the  Sharks.  The 
fossil  species  of  Acanthias  and  Centrophorus  are  from  tlie  Upper 
Cretaceous  of  Mount  Lebanon,  Syria.^ 

The  Petalodontid^  follow  next,  with  nine  genera.  "  The  genas 
Janassa  affords  the  most  complete  insight  into  the  characters 
of  this  family ; "  the  dentition  of  one  species  {J,  bituminosa)  from 
the  Permian  having  been  found  in  natural  apposition.  ITie  other 
genera  being  only  known  by  detached  teeth  and  such  fragmentary 
portions.  A  new  genus  and  species,  Mesolophodus  prohlemaiicuM; 
and  two  species  of  Pelalodus  {P.  flahellula  and  P.  Davisii)  are  here 
first  described.  With  the  exception  of  the  Permian  Janassa  hituminosai 
all  the  other  species  are  from  Carboniferous  rocks.  The  Squatinid^ 
have  one  genus,  Squatina,  and  ^\e  species,  two  being  Eimmeridgian 
and  three  Cretaceous.  One  new  species  {S.  crassidens)  from  Mount 
Lebanon  is  described. 

To  the  PRiSTiDiE  a  new  genus  and  species  (Sclerorhynchus  atavns) 
is  added,  founded  on  an  imperfect  rostrum,  also  from  Mount  Lebanon. 

^  From  this  formation  and  locality  the  Museum  possesses  a  large  series  of  fish  and 
other  remains,  remarkable  alike  for  the  numbers  of  genera,  species,  and  of  IndiTidaalfl 
represented,  and  also  the  beautiful  state  of  their  preservation.  The  collection 
contains  many  of  the  types  of  this  subclass  and  also  of  the  Ganoid  and  Teleosteaa 
^Aes,  doscribed  from  this  locality. 
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From  the  saine  locality  the  Musenm  ooDtains  four  species  of  RhinO' 
latus^  and  the  type  Bpeoimens  of  three ;  the  fourth  {B,  maronila) 
beiu^  in  the  Geneva  Museum.  This  is  the  only  genus  of  the  Rhino- 
batidsB  in  the  oolleotion.  The  Rajida  is  also  only  represented  by 
the  genus  Bafa,  The  type  specimens  of  three  species,  also  from  the 
Lebanon,  are  in  the  collection,  one  (R  primarmata)  being  here  first 
described  and  figured.  The  well-known  dermal  tubercles  from  the 
Norwich  Crag,  named  by  Agassiz  Baja  antiqiMf  are  now  referred  to 
the  common  Thomback  {R,  elavata). 

The  PsAMMODONTiDiB,  here  classed  with  the  Rays,  were  referred 
by  Agassiz  to  the  Cestraciont  group.  The  family  is  extinct  and  only 
known  by  the  dentition,  and  this  shows  ''that  the  two  rami  of  the  jaws 
were  evidently  placed  in  the  same  straight  line — a  fact  indicating  a 
moch  depressed  body,  like  that  of  existing  Rays."  It  comprises  the 
genera  Copodus  and  Psammodus.  The  former  consists  of  eleven 
species,  of  which  all  the  type  specimens  are  in  the  Museum ;  the 
latter  of  six  species  and  some  of  the  types.  One  new  species  (P. 
salopiensis)  is  described.  The  species  are  all  Carboniferous,  and  the 
best  known,  P.  porosus^  is  now  referred  to  P.  rugosus. 

The  Mtliobatidjs  come  next  with  eight  species  of  Myliohatisy  all 
Tertiary.  Only  those  known  by  the  dentition  are  catalogued,  and 
the  published  British  species  are  reduced  in  number.  The  upper  and 
lower  series  of  connected  dental  plates  are  distinguished,  the  upper 
series  are  arched  antero-posteriorly,  the  lower  series  being  flat ;  and 
the  barbed  spines  referred  to  the  genus  are  generically  indeterminable. 
One  new  species  (Af.  (f )  tnmidens)  from  the  Red  Crag  and  also  a  new 
species  of  Rhinopiera  {R.  Daviesii)  from  the  Loudon  Clay  are  described. 
The  dental  plates  named  Zygobatis  by  Agassiz  were  referred  to  this 
genus  by  Dr.  Giinther  in  1880.  Aetobatis  is  allied  to  the  last-named 
genus,  but  distinguished  by  the  absence  of  lateral  teeth.  The  long 
familiar  Cretaceous  genus  Ptychodus,  and  its  many  species,  once 
prominent  members  of  the  Agassizian  group  of  Cestracionts,  is  placed 
by  the  author  in  this  family,  he  being  the  first  to  discover,  by  the 
arrangement  of  the  dentition,  its  natural  affinity  to  the  Rays.  The 
teeth  were  numerous  in  each  mouth,  and  arranged  in  many  longitu- 
dinal and  transverse  rows.  The  median  antero-posterior  row  in  one 
jaw  is  very  small,  the  row  on  either  side  being  much  larger ; 
in  the  other  jaw  the  teeth  of  the  median  row  are  large,  and  those 
on  each  side  smaller.  Ptychodus  is  only  known  by  the  teeth  and 
TertebrsB.  The  vertebrse  are  "apparently  ' cyclospondylic '  in 
structure,"  and  were  found  in  immediate  association  with  teeth  of 
P.  decurrens  in  a  block  of  chalk.  Many  of  Agassiz*s  types  are  in 
the  collection ;  and  there  is  one  new  species,  P.  mxdiiBlriatnB.  The 
fin-spines  and  rays  referred  to  this  genus  by  Agassiz  do  not  even 
belong  to  the  same  subclass.  Of  the  Tryoonidje,  the  only  genus  in 
the  collection  is  Gyclobatis,  with  two  species  and  the  type  specimens 
of  each.     This  ends  the  Tectospondylic  section. 

Only  six  families  are  assigned  to  the  suborder  AsterospondyU,  but 
the  genera  and  species  are  many.  The  NoTioANiDiE  is  the  first 
family,    '*  its    relationships/'    according    to    the    author,    "  b^ui^ 
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obviously  closer  with  the  CestraoiontidsB  thftn  with  any  other 
recognized  family."  Eight  species  of  NotidanuB — the  only  fossil 
genus  kpown  with  certainty — are  registered,  the  species  ranging  from 
the  Jurassic  rocks  to  the  Hed  Crag  inclusive. 

The  CooHLioDONTTDiE  oomc  next — "  an  imperfectly  definable 
family,  apparently  related  to  the  Cestraciontidse,  but  with  a  more 
specialized  dentition."  The  group  is  restricted  to  the  Carboniferous 
period,  and  includes  many  of  Agassiz's  Cestraciont  genera.  Of  the 
nine  species  of  JETelodus  originally  named  by  Agassiz,  only  one  (H. 
simplex),  from  the  Coal-measures,  remains,  the  others  being  variously 
distributed.  We  then  have  an  innovation,  a  new  generic  name, 
PleuroplaXf  as  being  more  appropriate,  is  substituted  for  Pleurodus, 
Psephodus  follows  with  two  new  species  (P.  salopiensis  and  P. 
dubius).  A  British  species,  Sandalodus  Morrisii,  from  Oreton, 
appears  to  be  the  largest  of  the  genus.  In  addition  to  the  above 
named,  the  following  genera  are  included  in  the  family :  Tomodvs, 
Xystrodus,  Deliodw,  PceciloduB,  Cochliodus,  Streblodus,  IMltoptychin$y 
Diplacodus,  and  Cyrtonodus.  New  species  of  Deltodus  (JD.  giblmt 
and  D.  rugosw),  and  one  of  Cyrtonodus  (C  Homei),  are  added. 

The  Cestraoiontida  as  here  defined  form  an  important  group  of 
fifteen  genera  and  about  seventy  species.  Of  these  only  three 
genera  {OroduSy  Strophodus,  and  Acrodus)  originally  assigned  by 
Agassiz  to  the  family  remain.  The  teeth  are  described  as  being 
**  mostly  obtuse,  never  fused  into  continuous  plates ;  several  series 
simultaneously  in  function ;  "  and  "  no  distinctive  characteristics 
of  value  having  yet  been  discovered,  the  so-called  Orodontida  and 
HYBODONTiDiE  are  included  in  the  family."  Its  fossil  representatives 
first  appear  in  the  Lower  Carboniferous,  and  occur  in  more  or  less 
abundance  in  all  the  succeeding  periods  to  the  Chalk  inclusive, 
the  living  Port  Jackson  Shark  being  the  last  survivor  of  the  group. 
One  of  the  earlier  forms,  Sphenacanthiis  costellatuSy  described  by  Dr. 
Traquair,  is  known  by  a  fairly  complete  fish  in  the  Museum  having 
both  dorsal  spines  in  natural  position ;  the  other  Carboniferous 
forms  being  mainly  represented  by  detached  teeth  and  fin  spines. 
JETybodus  is  probably  the  most  completely  known  genus  of  the 
family.  Liassic  and  Wealden  specimens  in  the  collection  show 
interesting  portions  of  the  cranial  structure,  the  internal  skeletoa 
and  the  external  form ;  also  the  dermal  covering,  the  booked  cephalic 
.  spines  (Sphenonchus),  and  the  dorsal  fin  spines,  each  in  their  respective 
positions.  Moreover,  in  its  close  ally  Acrodus,  the  arrangement 
of  the  dentition  is  observed.  Portions  of  nearly  complete  jaws  of 
each  genus  with  the  teeth  in  natural  apposition  are  figured. 

The  numerous  Oolitic  teeth  named  Strophodus  are  now  practically 
known  to  belong  to  the  Ichthyodorulites  named  Asteracanthvs  by 
Agassiz ;  Strophodus,  however,  being  provisionally  retained  for  the 
teeth  not  correlated  with  spines.  The  teeth  named  respectively 
8.  retietdatus  and  S.  subreticulatus  have  been  found  associated  with 
the  dorsal  fin-spines  of  Asteracanthus  ornatiasimus,  which  name  they 
now  bear ;  Owen's  S.  medifu  is  also  a  synonym.  The  author  has 
4im>0yered  that  the  speolea  wa&  arm^d  w itk  cephalic  spines  resembling 


The  FmU  Elamobranch  Fishes.  375 

those  of  HyhoduB  and  Aerodus.  Palaosptnax  (Thyellina),  placed 
by  Agassiz  among  the  Squalidse,  now  passes  to  this  family ;  and 
some  interesting  specimens  of  the  genus  are  described,  including  one 
new-  species  from  the  Lias  of  Ohmden.  A  closely  allied  form  is  the 
author's  Cretaceous  genus  Synechodus,  originally  referred  to  the 
genus  Hyhodus^  and  known  by  jaws,  teeth,  fragments  of  cartilage, 
vertebrae  and  shagreen. 

To  the  genus  Ceslradon^  the  last  of  the  group,  is  referred  Sir 
Philip  Egerton's  genus  Drepanephorus,  Six  new  species  of  as  many 
genera  are  described ;  and  most  of  the  types,  either  wholly  or  in 
part,  are  in  this  collection. 

The  SoYLLiiDiB  come  next  with  seven  genera.  The  first,  Palao- 
icylUum,  is  represented  by  one  species  (P.  minus),  a  new  one  from  the 
Kinimeridgian  of  Bavaria.  Scyllium  follows  with  six  species,  all 
Cretaceous,  two  being  new,  S,  dubium  from  the  Lower  Chalk, 
Dover,  and  S.  (?)  tumidena  from  the  Lebanon.  Cantioscyllium  decipiens 
is  a  new  genus  and  species,  founded  upon  the  character  of  the  denti- 
tion, recently  exposed  by  the  removal  of  the  matrix  on  one  of  Agassiz's 
figure<1  types  (torn.  iii.  pi.  xxxviii.  fig.  2)  of  Scylliodtis  antiquus. 

To  the  Lamnidjs  are  assigned  eight  genera,  represented  by  forty-six 
species ;  but  the  teeth  of  the  fossil  genera  are  separated  by 
characters  so  slight  that  it  is  difiScult  in  some  instances  to  distinguish 
them.  Thus  Odontaspis  only  seems  to  differ  from  Lnmna  in  ''  the 
greater  relative  size  and  more  subulate  character  of  its  anterior 
teeth."  Oxyrhina,  again,  "only  differing  from  Lamna  in  the  pre- 
vailing absence  of  lateral  denticles  in  the  teeth."  Again,  Lamna, 
by  Oxyrhina  mantellit  ''appears  to  be  connected  with  Oxyrhina; 
and  by  Lamna  obliqua,  with  Car  char  odon,**  Orthacodus  is  a  new 
generic  name  proposed  for  Agassiz*s  Lamna  (Sphenodus)  longidens,  and 
Scapanorhynchtu  is  another  new  genus  founded  upon  several  more 
or  less  perfect  specimens  from  the  Lebanon  Cretaceous  beds,  and 
replaces  the  genus  Rhinognathua  of  J.  W.  Davis;  from  the  same 
locality  a  new  species  {S.  elongatus)  is  described,  and  a  tooth 
(S.  gigas)  from  the  Cambridge  Greensand.  To  the  same  genus  are 
also  assigned  the  Cretaceous  teeth  respectively  known  as  Lamna 
(Odontaspis)  rhaphiodon  and  L.  subulata. 

To  Odontaspis  are  assigned  the  teeth  universally  known  as  Lnmna 
eUgans,  also  the  other  species  of  Lamna  having  the  same  general 
form  of  tooth.  Olodus  disappears,  the  species  being  absorbed  in  the 
genus  Lamna,  which  is  thus  defined  :  ''  Dentition  only  differing  from 
that  of  Odontaspis  in  the  relatively  less  elevated  and  less  subulate 
character  of  the  anterior  teeth,  and  the  usually  larger  size  of  the 
lateral  denticles."  One  new  species  is  described.  Then  comes  Car- 
charodon  with  five  species,  all  of  Tertiary  origin.  One  species,  C. 
megalodonf  attained  an  enormous  size,  and  was  very  widely  distributed. 
The  teeth  referred  to  the  genus  Corax  are  comparatively  small,  com- 
pressed and  serrated. 

The  last  family  is  the  CABCHARiiDiE.  Of  the  type  genus  Carchartas, 
species  of  three  of  its  five  subgenera  are  in  the  collection,  and  there  are 
two  new  species.  The  other  genera  composing  the  family,  and  re^re- 
aented  hyupeoiea,  are  Oaleocerdo,  Jlemipristis,  Galeus  iJV  ^^^^^5^^^^' 
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Having  briefly  sketohed,  without  oriticism,  aome  of  the  main  points 
of  the  classification  here  formulated  for  the  arrangement  of  the  fonsil 
Elasmobranoh  Fishes,  we  have  only  to  add  that  it  is  baaed  principallj 
on  the  study  of  the  structural  characters,  and  an  intimate  knowledge 
of  the  numerous  remains  in  the  collection  whose  arrangement  forms 
part  of  Mr.  Woodward's  official  duties;  and  also  on  the  study  of 
many  specimens  in  private  or  public  oolleotions.  Wherever 
possible,  the  fossils  have  been  carefully  compared  with  recent  forms, 
and,  as  we  have  seen,  other  systems  of  arrangement  have  been  studied 
with  a  view  to  their  adoption,  wholly  or  in  part.  The  result  is  a 
pal  seen  tological  classification,  apparently  the  most  natural  and  practical 
hitherto  suggested  for  tbis  group  of  extinct  fishes.  Modifications, 
sooner  or  later,  will  probably  have  to  be  made  when  more  is  known 
regarding  the  structure  and  affinities  of  the  obscurer  forms,  but  this 
cannot  affect  the  principle  on  which  it  is  based.  We  commend  the 
author  for  its  inception,  and  also  for  the  industry  displayed  in  the 
preparation  of  the  Catalogue,  and  shall  look  with  interest  for  the 
publication  of  the  second  part,  which  we  understand  will  oontaia 
the  Holooephali  and  Ichthyodorulites. 

Six  new  genera  and  thirty-one  new  species  are  described,  and 
most  of  them  figured. 

Of  the  17  lithographic  plates,  seven  are  double,  and  the  whole 
contain  about  230  figures,  while  there  are  15  woodcuts  in  the  t^xt 

The  fossils  have  been  drawn  from  nature  by  Miss  G.  M.  Wood- 
ward with  her  usual  fidelity  to  form  and  structure,  and  we  would 
specially  note  the  beautiful  rendering  of  the  ornamentation  on  the 
teeth  of  Acrodus  in  plates  xiii.  and  xiv.  W.D. 
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I— June  5,  1889.— Prof.  J.  W.  Judd,  F.R.S.,  Vice-President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "  Observations  on  some  undescribed  Lacustrine  Deposits  at 
Saint  Cross,  Sonthelmham,  in  Suffolk."  By  Charles  Candler,  Esq. 
Commmunicated  by  Clement  Reid,  Esq.,  F.G.S. 

These  deposits  are  situated  in  the  basin  of  the  River  Waveney, 
3J  miles  E.  by  N.  of  Harleston,  and  9  miles  E.N.E.  of  Hoxne. 
They  occupy  a  hollow  in  the  Boulder-clay  towards  the  northern 
edge  of  the  plateau  locally  known  as  "  High  Suffolk.*'  Saint  Cross 
brickyard,  which  is  the  only  section  now  visible,  shows : —  ft. 

a.  Surface-soil  and  travel      1-3 

b.  Ked  and  white  loam,  variable,  fine  or  coarse,  sandy  or  calcareons. 

Elephant,  Horse,  etc.,  at  base  of  the  bed 3-o 

e.  Fine,  tenacious,  grej  and  red  clay,  with  carbonaceous  seams  towards 

the  base.      Valvata^  BythiniOy  Pisidium 2-6 

d.  Black  peaty  loam  and  sand,  worked  to  a  depth  of  5  feet,  but  no  bottom 

reached.     Seeds  and  freshwater  shells «     6- 

e.  Chalky  Boulder  Clay 

No  implements  have  yet  b^etv  fevixA  m  ««^  ^^  ^^  Xs^^*.-,  \s^ 
Pieistocene  Mammalia  (^detomm^  >d^  ^x.^.'^.^^^vs^  w*s^Nsl 
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bed  6.  From  bed  d  Mr.  Clement  Beid  obtained  seeds  of  29  species 
of  flowering  plants.  These  are  all  marsh  or  aquatic  species,  except 
the  hawthorn  and  dandelion.  Unlike  those  found  in  Professor 
Prestwich's  bed  d  at  Hoxne,  there  are  no  Arctic  forms  among  them  ; 
but  the  author  pointed  out  that  the  Arctic  plants  of  Hoxne  were 
determined  from  leaver  found  in  laminated  clays,  while  the  matrix 
in  which  the  plants  are  found  at  St.  Cross  is  only  suitable  for  the 
preservation  of  seeds.  However,  certain  of  the  plants  do  not  range 
far  north,  and  the  occurrence  of  a  large  tree  in  the  upper  part  of 
bed  d  points  to  a  less  rigorous  climate  than  that  under  which  the 
leaf-bearing  beds  at  Hoxne  were  deposited. 

The  lacustrine  beds  now  occupy  a  ridge  between  two  depressions, 
the  valleys  having  been  deeply  eroded,  or  perhaps  formed  since  the 
filling-np  of  the  lake.  It  appears  probable  that  on  the  final  retreat 
of  the  last  ice-sheet  the  hollows  of  the  Boulder-clay  were  occupied 
by  a  series  of  lakes  and  pools.  For  the  most  part  the  sedimentary 
deposits  formed  in  these  hollows  have  been  entirely  swept  away  ;  but 
at  Saint  Cross  the  mud  and  loam  of  one  such  lake  have  been  preserved. 

2.  '*  On  certain  Chelonian  Remains  from  the  Wealden  and 
Purbeck."     By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

In  the  first  part  of  the  paper  the  author  described  a  portion  of 
the  hind  lobe  of  a  Chelonian  plastron  from  the  Wealden,  which  was 
remarkable  as  showing  a  median  row  of  epidennal  shields.  The 
name  of  Archaochelya  valdensis  was  proposed  for  the  form  so  repre- 
sented. The  new  generic  term  Hylaochelys  was  also  proposed  for 
the  Purbeck  Chelonian  described  by  Sir  R.  Owen  as  Fleurosternum 
latiscutatum,  and  was  also  taken  to  include  some  other  forms  from 
the  Wealden. 

The  second  section  of  the  paper  treated  of  the  affinities  of  Pleuro' 
itemum.  It  was  concluded  that  Digerhhum,  Cope  (as  represented  by 
the  so-called  Platemys  Btdlocki),  is  identical  with  Pleurosternum,  of 
which  there  appears  to  be  only  one  Purbeck  species.  Evidence  was 
brought  forward  to  show  that  in  the  adult  of  Fleuroslemum  the 
pubis  had  a  facet  of  articulation  with  the  xiphiplastral ;  and  it  was 
proposed  to  refer  this  genus,  together  with  Platychelys  and  Baena, 
to  a  new  section  termed  **  Amphichelydia,"  which  was  regarded  as 
allied  both  to  the  true  Cryptodira  and  to  the  Pleurodira. 

3.  "  On  the  Relation  of  the  Western  Beds  or  Pebbly  Sands  of 
Suffolk  to  those  of  Norfolk,  and  on  their  Extension  inland  ;  with 
some  Observations  on  the  Period  of  the  final  Elevation  and  Denuda- 
tion of  the  Weald  and  of  the  Thames  Valley."  By  Prof.  Joseph 
Prestwich,  M.A.,  D.C.L.,  F.RS.,  F.G.S.     Part  L 

The  author  in  this,  the  first  part  of  his  paper,  described  the 
Westleton  beds  of  the  East  Anglian  coast.  He  commenced  with  a 
review  of  the  work  of  previous  writers,  especially  Messrs.  Wood  and 
Harmer,  and  the  members  of  H.M.  Geological  Survey,  including 
Messrs.  H.  B.  Woodward,  Whitaker,  and  Clement  Reid.  In  dis- 
cussing this  work,  particular  attention  was  paid  Ui  the  BMX^-v^llft.^ 
hetJs,  which  were  considered  as  a  local  fossUiferowa  cotv^\\a.o\i  Qi^  "0^^ 
Pebbly  Sanda;  but  the  term  is  not  so  appUcaVAe  to  \>ci^^^  ^mA^  ^a 
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that  of  the  "WesiletOQ  and  Mandesley'BedB/'  which  the  antbor 
proposed  in  1881. 

The  Westleton  Beds  were  carefnllj  desorihed,  as  seen  in  ooast- 
sections  in  East  Anglia,  proceeding  from  south  to  north,  and  the 
following  classification  was  adopted : — 

^1.  Laminated  clajs,  sand,  and  shingle  with  plant-remuns 

and  freshwater  shells  (the  Arctic  foreat-bed  of  Reid). 
2.  Sand    and  quartzose    shingle  with   marine  ahells  (the 


The  Wettleton 
and  Mundetley 


series  •{  Leda  myalis  bed  of  King  and  Reid). 


(the  Mtmdesley 
section  of  it). 


The  Forest-bed 

series  of  Reid 

(exclasiye  of  No.  3 

of  aboTe). 


3.  Carbonaceous  clay  and  sands  with  flint-graTel  and 
pebbles  of  clay,  drift-wood,  land  and  lacustrine  shelli 
and  seeds  (the  Upper  freshwater  bed  of  Reid). 
''4.  A  greenish  clay,  sandy  and  laminated  in  placet,  con- 
taining abundant  mammalian  remains,  and  drift-wood, 
with  stumps  of  trees  standing  on  its  sor&oe  (th« 
forest-  and  elephant-bed  of  authors;  the  estnarine 
division,  in  part,  of  Reid). 
6.  Ferruginous  clay,  peat,  and  freshwater  remains  and 
gravel  (the  Lower  freshwater  bed  of  Reid). 

The  Westleton  Beds  were  found  to  rest  with  discordance  on 
■various  underlying  beds;  in  places  on  the  Forest  series,  elsewhere 
on  the  Chillesford  Clay,  whilst  occasionally  the  latter  had  been 
partly  or  entirely  eroded  before  the  deposition  of  the  Westleton 
Beds.  In  the  north,  where  the  present  series  dies  out,  they  come 
in  contact  with  the  so-called  Weyboum  Crag,  which  the  author 
supposed  to  be  the  equivalent  of  the  Norwich  Crag.  A  similar 
discordance  has  been  noted  between  the  Westleton  Beds  and  the 
overlying  glacial  beds,  so  that  the  former  mark  a  distinct  period, 
characterized  by  a  definite  fauna,  and  by  particular  physical  con- 
ditions. The  Westleton  Beds  being  marine,  and  the  Mundesley 
Beds  estuarine  and  freshwater,  the  author  proposed  to  use  the 
double  term  to  indicate  the  two  facies,  as  has  been  done  in  the  case 
of  other  deposits.  But  these  facies  were  found  to  be  local,  and  the 
most  persistent  feature  of  the  beds  is  the  presence  of  a  shingle  of 
precisely  the  same  character  over  a  very  wide  area.  By  means  of 
this  the  Westleton  Beds  can  be  identified  far  beyond  East  Anglia, 
and  where  there  is  no  fossil  evidence,  and  they  throw  considerable 
light  on  important  pbysiographical  changes. 

The  author  described  the  composition  of  the  shingle,  which,  unlike 
the  glacial  deposits,  contained  pebbles  of  southern  origin. 

The  paper  concluded  with  a  list  of  fossils,  excluding  those  of  the 
Forest-bed  (the  stumps  of  which,  the  author  considered,  were 
frequently  in  the  position  of  growth).  Should  the  Forest-bed 
eventually  prove  to  be  newer  than  the  Chillesford  beds,  it  was 
maintained  that  the  former  must  be  included  in  the  Westleton 
series,  and  its  flora  and  fauna  added  to  the  list,  whilst  if,  on  the 
contrary,  the  Forest-bed  should  be  proved  synchronous  with  the 
Chillesford  Beds,  it  must  be  relegated  to  the  Crag. 

The  second  part  of  the  paper  will  treat  of  the  extension  of  these 
beds  into  and  beyond  the  Thames  Yalle^ ,  and  on  some  points  con- 
nected with  the  physical  bialoxy  o^  \\i^  NN  ^^^. 
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II Jane  19,  1889.— Prof.  J.  W.  Judd,  F.R.S.,  Vice-President,  in 

the  Obair. — ^The  following  oommunications  were  read : — 

1.  "  On  Tachylyte  from  Victoria  Park,  Whiteinch,  near  Glasgow." 
By  Frank  Rutley,  Esq.,  F.G.S. 

This  paper  dealt  with  the  microscopic  characters  of  certain  thin 
tachy lytic  aelvages  occurring  on  the  margins  of  white- whin  (basalt) 
veins  which  traverse  Carboniferous  shales  in  Victoria  Park,  and 
which  have  already  been  described  in  some  detail  by  Messrs.  John 
Toung  and  D.  Corse  Glen.  The  white- whin  veins,  which  sometimes 
are  not  more  than  an  inch  in  breadth,  are  found  to  become  gradually 
more  vitreous  in  passing  from  the  middle  to  the  sides  of  the  veins. 
Near  the  margin  they  become  densely  sphernlitic,  the  spherulitic 
band  on  either  side  of  the  vein  being  followed  by  a  less  spherulitic 
and  more  glassy  band,  the  vitreous  matter  of  which  appears  nearly 
or  quite  colourless.  A  sharp  but  irregular  boundary-line  follows, 
beyond  which  lies  a  band  of  a  more  or  less  deep  brown  or  coffee- 
coloured  glass,  which  the  author  considers  to  have  resulted  from  the 
fusion  of  the  shale,  two  narrow  vitreous  bands  of  different  origin 
being  thus  developed  side  by  side  on  each  side  of  the  vein,  the 
colourless  bands  representing  the  chilled  margins  of  the  vein,  the 
brown  bands  the  fused  surfaces  of  the  walls  of  shale.  The  author 
only  suggested  this  as  a  plausible  explanation  of  the  microscopic 
phenomena.  An  analysis  of  portion  of  one  of  these  whin  veins  with 
its  adherent  tachylyte,  made  by  Mr.  Philip  Holland,  was  appended 
to  the  paper. 

2.  "  The  Descent  of  Sonninia  and  of  Hammatoceraa.**  By  S.  S. 
Buckman,  Esq.,  F.G.S. 

The  author  reviewed  the  history  and  literature  of  the  genus 
Sonninia,  Bayle,  which  was  founded  to  receive  the  Ammonites  of  the 
Sowerhyi'group,  formerly  classed,  together  with  those  of  the  Insignia^ 
group,  in  the  genus  Hnmmatoceras, 

The  reasons  why  the  genus  Sonninia  is  not  descended  from 
Hammaioceraa,  or  from  Haugia  ( Faria6t7t «-group),  were  set  forth. 
ITien,  proceeding  to  trace  out  the  life-history  of  FleuroceraSy  Amal- 
theus,  and  Sonninia,  as  shown  by  their  inner  whorls,  the  author 
arrived  at  the  conclusion  that  these  three  genera  were  descended  from 
a  common  source,  and  that  they  form  three  branches  from  one  stem. 

The  development  of  the  genus  Hammatoceranj  sensu  stricto,  was 
then  traced  out,  and  its  descent  shown  to  be  from  the  genus  Derocerai, 
which  is  in  accordance  with  the  general  ideas  upon  the  subject. 

The  difference  in  the  descent  of  Sonninia  and  Hammatoceraa  was 
taken  to  justify  the  separation  of  the  former  from  the  latter.  The 
genus  Sonninia  would  be  correctly  placed  in  the  family  Amaltheidaa ; 
while  the  genus  Hammatoceraa  would  be  placed  in  the  same  family 
as  Stephanoceraa, 

Of  the  numerous  new  species  belonging  to  the  genera  Sonninia 
and  Hammatoceraa,  certain  forms,  necessary  to  elaborate  the  ideas 
set  forth  above,  were  described  and  defimtely  aepat^A^d.    TVv^  ^'ss.^'st 
also  touobed  upon  certain  other  facts  connected  Yr\\^  IIammaloc«toA-» 
Sotininia,  and  cognate  genera. 
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3.  <<  Notes  on  the  Bagahot  Beds  and  their  Stratigraphy."  By  H. 
G.  Lyons,  Esq.,  R.E.,  F.G.8. 

The  author  deplored  the  necessity  of  quitting  the  area  which  he 
had  studied  before  completing  his  observations,  and  wished  to  pkoe 
his  results  at  the  disposal  of  other  workers. 

In  a  previous  paper  he  had  discussed  the  beds  at  their  southern 
outcrop,  over  a  small  area,  and  showed  that  there  the  Bagshot  and 
London  Clay  strata  remained  of  constant  thickness,  and  dipped 
northwards  at  an  angle  of  about  2\^,  He  had  since  examined  the 
country  between  Aldershot  and  Ascot  over  an  area  of  about  fifteen 
miles  square,  and  attempted  by  contouring  the  surface  of  the  Middle 
Bagshot  beds  (which  showed  a  nearly  constant  thickness  of  60  feet 
over  the  area),  to  give  the  form  into  which  the  beds  had  been 
pushed  by  the  different  slight  flexures  which  might  occur.  After 
giving  details  of  the  heights  at  which  this  surface  was  found,  be 
concluded  that  an  anticlinal  of  which  the  axis  pointed  upon  Windsor 
Castle,  appeared  to  pass  through  the  Swinley  and  Wellington 
College  area,  and  probably  to  Hazeley  Heath  ;  and  that  a  synclinal 
started  by  Minley  and  Hawley,  and  ran  by  the  Boyal  Albert  Asylum, 
Gordon  Boys*  Home,  upon  Ongar  and  Row  Hills,  and  Wobum  Hills; 
and  that  another  anticline  ran  to  St.  George's  Hill,  Weybridge. 

The  author  had  attempted  to  map  the  southern  and  eastern  limits 
of  the  Upper  Bagshot  beds,  and  claimed  a  much  greater  extent 
for  these  beds  in  those  directions  than  had  been  assigned  by  the 
members  of  the  Geological  Survey.  The  outcrop  of  the  beds  was 
described  in  some  detail,  and  the  occurrence  of  outliers  on  Knaphill 
G)mmon,  by  Donkey  Town,  on  Chobham  Common,  and  on  Staples 
Hill,  was  noted. 

4.  "  Description  of  some  New  Species  of  Carboniferous  Gastero- 
poda."   By  Miss  J.  Donald.    Communicated  by  J.  G.  Goodchild,  Esq. 

The  Gasteropoda  described  in  this  paper  have,  with  one  exception, 
been  collected  by  Mr.  John  Young  from  the  Upper  Limestone  Series 
of  Scotland.  After  discussing  the  characters  of  the  genus  Orihonema, 
Meek  and  Worthen,  the  following  forms  were  described  :  Orlhonema 
pygmaa,  n.  sp. ;  0.  ?,  n.  sp. ;  Murchisonia  tnrriculatay  de  Kon.  (Yore- 
dale  Shales,  Askrigg,  Yorkshire)  ;  M,  turrictUaia,  var.  scoiica ;  and 
M,  compacta,  n.  sp. 

5.  *'  Cystechinus  crassus,  a  New  Species  from  the  Hadiolarian 
Marls  of  Barbadoes;  and  the  evidence  it  affords  to  the  Age  and 
Origin  of  those  Deposits."     By  J.  W.  Gregory,  Esq.,  F.G.S. 

In  this  paper  the  discovery  of  a  species  of  Cystechinus  from  the 
Radiolarian  earth  of  Barbadoes  was  recorded.  The  specimen  is  now 
preserved  in  the  National  Collection,  South  Kensington.  The  form 
was  described  and  distinguished  from  the  three  modern  species 
which  were  found  during  the  *  Challenger '  Expedition.  The  latter 
have  shown  that  the  bathymetrical  range  of  the  genus  is  from  lOoO 
to  2225  fathoms. 

The  author  gave  proofs  that  the  specimen  really  came  from  the 
Badiolari&n  marl,  and  not  itom  \\ve>  0Nftx\Yvt\^  ^.w^vaa  \A\aft%ivjs^^ 
and  after  discussing  tbe  age  oi  \)cie>  vsi^xV,  ^  \xA^\x^  V^  "^^V,^ 
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Forbes,  from  an  examination  of  the  Mollusca,  and  by  Prof.  Haeckel 
after  studying  the  Radiolaria,  gave  his  reasons  for  supposing  that  it 
is  in  reality  more  modem  than  these  authors  supposed,  and  may  be 
referred  to  the  Pliocene  or  Pleistocene. 

Though  Cystechinus  erassus  possessed  plates  of  greater  thickness 
than  those  of  the  previously  described  species,  the  ambulacra  were 
apetaloid,  and  the  author  concluded  that  though  an  inhabitant  of 
seas  of  less  depth  than  those  in  which  the  modern  forms  occur,  it 
may  be  fairly  considered  to  have  been  a  dweller  in  deep  seas,  and 
to  indicate  that  the  Radiolarian  deposit  is  a  true  deep-sea  ooze. 


coErK^EsiPOi^riDEi^roE!. 


A  PAL^ONTOLOGICAL  RECORD. 

Snt, — Now  that  Palseontolpgy  has  become  so  complex  a  science,  and 
new  species  are  from  day  to  day  described  in  various  parts  of  the 
world,  is  it  not  desirable  that  some  International  Eecord  of  them 
should  be  published  at  stated  intervals? 

We  would  suggest  that  the  matter  be  taken  up  by  the  Inter- 
national Geological  Congress ;  and  if  this  be  adopted,  every  one  who 
describes  a  new  species  of  fossil  should  send  in  the  name  and  full 
references  to  the  work  in  which  it  was  published  and  figured,  with 
accounts  of  the  locality,  geological  horizon  and  biological  order  of 
the  species. 

In  this  way  we  should  have  an  authentic  register  of  new  species, 
that  would  be  of  great  value  to  all  students  of  Palaeontology ;  and, 
in  short,  "facilitate  the  preparation  of  that  general  list  of  all 
described  fossils  which  is  at  present  one  of  the  greatest  desiderata 
in  geological  science."^  Rudolf  Sghafbr. 

Borage  B.  Woodward. 


HENRY    WILLIAM    BRISTOW,    F.R.S.,    F.G.S., 

Late  Director  of  the  Geological  Survey  of  England  and  Wales. 
BoHN,  May  17,  1817.     Dibd,  June  14,  1889. 

THE  name  of  H.  W.  Bristow  will  always  be  associated  with  the 
history  of  the  Geological  Survey,  on  which  he  served  for  a 
period  of  forty-six  years.  During  the  first  few  years  of  the  official 
existence  of  the  Survey,  De  la  Beche  had  to  depend  to  a  large 
extent  on  voluntary  or  temporary  assistance,  but  gradually  he 
gathered  around  him  a  permanent  staff  of  field -geologists  and  of 
others  occupied  in  museum-work.  Among  those  attached  to  the 
Survey  in  these  early  days  were  John  Phillips,  Ramsay  and  Aveline. 
In  1842  Mr.  Bristow,  then  nearly  twenty-five  years  of  age,  was 
appointed  an  Assistant  Geologist,  and  during  the  next  few  years 
[Sir  Warington]  Smyth,  Baily,  Edward  Forbes,  Jukes,  Selwyn  and 
others  joined  the  staff,  whose  headquarters  w^iq  Wierd  ^\\x\»X.^Ws^ 
Craig'a  Court. 

'  See  Addreee  to  the  Geol.  Soc,  1889,  by  ^.  T,  'B^aoiot^. 
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Mr.  Bristow  was  bom  on  May  17th,  1817,  and  was  educated 
at  King's  College,  London,  wbere,  in  1840-41,  he  obtained  certificates 
of  honour  in  the  departments  of  civil  engineering  and  applied 
science.  His  father,  Major-Qeneral  H.  Bristow,  belonged  to  an  old 
AViltshire  family,  and  had  served  in  the  Peninsnlar  War. 

Commencing  Geological  Survey  work  in  the  neighbourhood  of 
Badnor,  on  the  Old  Red  Sandstone  and  Silurian  rocks,  Mr.  Bristow 
was  shortly  afterwards  transferred  to  the  Jurassic  regions  of  Glouces- 
tershire and  Somerset,  mapping  portions  of  the  Cotteswold  Hills  near 
Wotton-under-Edge  and  Chipping  Sodbury,  and  of  the  Oolitic  district 
near  Bath.  In  these  areas  he  received  guidance  from  John  Phillips 
and  William  Lonsdale.  Still  later  he  proceeded  to  the  south  coast, 
and  working  eastwards  of  Lyme  Kegis,  he  personally  surveyed  the 
greater  portions  of  Dorsetshire,  and  eventually  much  of  Wiltshire, 
Hampshire,  and  the  Isle  of  Wight,  and  parts  of  Berkshire,  Sussex, 
the  Wealden  area,  and  eastern  Essex.^ 

In  the  course  of  this  extensive  survey  all  the  subdivisions  of  the 
Jurassic,  Cretaceous,  and  Lower  Tertiary  strata  came  under  notice ; 
and  students  who  have  subsequently  paid  attention  to  the  structure  of 
these  tracts,  whether  along  the  fine  clifi'-sections  of  the  Dorsetshire 
coast  or  inland  over  the  Isle  of  Purbeck,  the  Ridgway,  or  Bridport, 
have  borne  testimony  to  the  care  and  accuracy  with  which  Mr. 
Bristow  has  depicted  the  geology.  For  it  must  be  rememliered 
that,  excepting  the  small  geological  maps  of  Buckland  and  De  la 
Beche,  of  Webster,  Fitton,  and  Mantell,  the  detailed  structure  of  the 
district  had  all  to  be  unravelled.  Nor  was  this  a  simple  and  easy 
task,  considering  the  unconformable  overlaps  (or  oversteps),  and  the 
effects  produced  by  anticlinal  disturbances  and  faults.  In  fact,  no 
one,  without  actual  exi)erience  of  the  process  of  geological  mapping, 
can  fully  realize  the  amount  of  physical  toil  and  mental  labour  in- 
volved in  tracing  the  geological  boundaries  and  faults  in  a  region 
where  so  many  subdivisions  occur,  and  whore  they  appear  often  in 
irregular  and  unexpected  juxtaposition. 

It  is  Mr.  Bristow's  field-work  which  will  remain  as  a  lasting 
memorial  of  his  devotion  to  geological  science.  If  his  literary  work 
on  the  Survey  appears  small,  it  must  be  remembered  that  in  the 
early  days  of  the  Survey,  the  geologists  were  moved  rapidly  on  from 
place  to  plnce,  so  that  unfortunately  little  time  was  allowed  for 
making  detailed  notes  of  the  strata,  and  still  less  for  observing  the 
mode  of  occurrence  of  the  organic  remains.  Mr.  Bristow's  intimate 
knowledge  of  the  lithology  of  the  stratified  rocks  is  shown  in  the 
portions  he  contributed  to  the  Descriptive  Catalogue  of  the  Rock 
Specimens  in  the  Museum  of  Practical  Geology. 

ITie  preparation  of  the  Survey  maps,  however,  was  supplemented 
by  numerous  sections,  longitudinal  and  vertical,  which  Mr.  Bristow 
constructed  with  much  skill  and  neatness  to  illustrate  and  explain 
the  geology  of  the  regions  he  had  surveyed.  The  Purl>eck  Beds 
were  especially  illustrated  in  this  way,  and  while  the  palaeontology 

*  The  Sheets  of  the  Geoloj^cal  Survey  Map  on  which  Mr.  Bristow  was  principally 
engaged,  are  ^m.  1,  6,  7,  9,  10,  U,  12,  14,  16,  16,  17,  18, 19,  3d,  36,  and  6b\ 
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of  these  beds  was  stadied  by  Edward  Forbes,  the  strata  themselves 
were  measured  in  great  detail  by  Mr.  Bristow,  partly  in  conjunction 
with  the  Bev.  Osmond  Fisher,  and  partly  with  the  aid  of  Mr. 
Whitaker.  In  like  manner  sections  of  the  Tertiary  strata  in  the 
Isle  of  Wight  were  prepared,  while  the  palaeontology  was  worked 
oat  by  Forbes.  The  results  of  this  work  were  published  by  Forbes, 
while  the  geology  of  the  whole  island  was  afterwards  described  by 
Mr.  Bristow.  The  task  of  his  later  years  had  been  to  prepare  a 
new  edition  of  his  Geology  of  the  Isle  of  Wight ;  and  this  is  now 
nearly  ready  for  publication,  having  been  revised  and  considerably 
augmented  by  Messrs.  C.  Heid  and  A.  Strahan,  who  have  lately 
re-surveyed  the  island  on  the  scale  of  six  inches  to  a  mile. 

In  later  years  other  areas  surveyed  by  Mr.  Bristow  were  illus- 
trated by  Memoirs.  In  conjunction  with  Mr.  Whitaker,  parts  of 
Berkshire  and  Hampshire  were  described,  and  Mr.  Bristow  also 
contributed  notes  to  the  Memoirs  on  the  Geology  of  the  London 
Basin,  the  Weald,  and  East  Somerset. 

Considerable  attention  was  given  to  the  Bhaetic  Beds  by  Mr. 
Bristow,  and  in  company  with  Mr.  Etheridge,  he  visited  the 
principal  sections  in  the  south  of  England  and  Wales,  measuring 
the  beds  in  detail,  and  eventually  publishing  the  records.  At  the 
suggestion  of  Sir  Boderick  Murchison,  in  1864,  Mr.  Bristow 
recommended  that  the  name  Penarth  Beds  be  applied  to  the  British 
representatives  of  the  Bhsetic  Beds.  He  subsequently  was  occupied 
for  several  years  in  mapping  these  strata  in  parts  of  Glamorgan- 
shire, Gloucestershire,  and  Somerset,  at  the  same  time  revising  the 
geological  maps  over  the  regions  visited. 

Notwithstanding  his  arduous  out-door  occupation  Mr.  Bristow 
utilized  his  leisure  hours  in  the  preparation  of  a  **  Glossary  of 
Mineralogy,"  which  was  published  in  1861.  This  book  was  at  once 
well  received,  proving  to  be  an  exceedingly  useful  work  of  reference, 
from  its  convenient  arrangement,  and  the  accurate  and  concise 
information  given.  The  author  had  made  considerable  progress 
towards  a  new  edition  of  the  work. 

Other  works  of  a  more  popular  nature  likewise  engaged  his 
attention.  In  1869  a  translation  by  him  of  L.  Simonin*s  ''  La  Vie 
Souterraine  "  was  published,  under  the  title  of  "  Underground  Life  ; 
or  Mines  and  Miners,"  a  work  which  was  adapted  to  the  then 
present  state  of  British  mining.  Three  years  later  (1872),  he 
produced  a  translation  of  Louis  Figuier's  '*  World  before  the 
Deluge,"  contributing  a  fresh  chapter  on  the  Bhsetic  or  Penarth 
Beds.  In  previous  years  Mr.  Bristow  had  also  written  mineral- 
o^ical  articles  for  Brande's  Dictionary  of  Science,  and  Ure's 
Dictionary  of  Arts,  Manufactures,  and  Mines.  He  also  largely 
assisted  the  late  Mr.  Damon  in  his  Geology  of  Weymouth,  con- 
tributing much  general  information  and  some  sections  of  the  strata. 

It  only  remains  to  be  mentioned  that  after  five  years'  service  on 
the  Geological  Survey,  Mr.  Bristow  was  in  1847  promoted  to  the 
rank  of  Geologist.  Twenty  years  later  (1867)  he  was  appointed 
District  Surveyor,  taking  charge  of  the  southern  counties.  In  1872 
he  was  made  Director  for  England  and  YfaVv^^,  dxixm^  V}[i^  \j^\l>\\^ 
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of  which  office  he  saw  the  completion  of  the  G^logical  Snrvey  of 
the  conntry  on  the  one- inch  scale.  Betiring  in  July,  1888,  be 
enjoyed  but  for  a  brief  period  his  well-earned  repose.  A  sudden  stroke 
of  paralysis  was  the  immediate  cause  of  his  passing  away,  after  a 
lingering  illness,  on  June  14th,  in  his  seventy-second  year. 

Mr.  Bristow  was  elected  a  Fellow  of  the  Geological  Society  in 
1843,  and  of  the  Royal  Society  in  1862.  Unfortunately  aflBicted 
with  partial  deafness,  he  was  unable  to  hold  free  intercourse  with 
his  brother  geologists ;  hence  he  seldom  took  part  in  the  meetiugs 
of  the  Geological  Society,  although  he  served  on  the  Council  for  a 
short  time. 

He  received  a  Diploma  from  the  Imperial  Geological  Institute 
of  Vienna,  and  from  the  King  of  Italy  the  Diploma  and  Insignia  of 
an  officer  of  the  Order  of  SS.  Maurice  and  Lazarus.  For  several 
years,  and  until  the  close  of  his  life,  he  was  Examiner  in  G^logj 
for  the  Science  and  Art  Department. 
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I. — On  some  mew  Devonian  Fossils. 
By  Prof.  T.  Bxtpbkt  Jonbs,  F.R.S.,  and  Dr.  H.  Woodward,  F.E.S. 

rPLATE  XI.) 
I.  EoHiNOOABTS  Whidbobnei.    Plate  XI.  Fig.  1. 

IN  this  specimen  one  valve  (the  left)  and  a  part  of  the  dorsal 
region  of  the  other,  remain  visible ;  the  rest  of  the  right  valve 
being  bent  down,  broken,  and  imbedded  in  the  matrix.  This  is 
a  finely  mloaoeoos,  non-calcareous,  grey  mudstone,  weathering  fer- 
mginous  towards  one  edge,  which  probably  abutted  on  a  crack 
open  to  water  and  atmosphere. 

The  fossil,  in  the  grey  portion  is  darker  than  the  matrix,  and  fairly 
represents  the  test  of  half  of  the  carapace,  with  only  a  very  thin 
lamina  wanting,  a  broken  edge  of  which  is  traceable  (with  a  lens) 
near  the  ventral  margin.  This  left  valve  measures  9*2  by  74  mm. 
It  is  subciroular,  more  boldly  curved  on  the  ventral  than  on  the 
posterior  margin,  whilst  the  front  margin  is  somewhat  truncate, 
having  a  nearly  straight  edge  from  above  downwards  before  it  bends 
round  into  the  ventral  curve.  The  dorsal  border  was  probably 
straight  along  two-thirds  of  its  length,  but  has  been  crushed  against 
the  other  valve  and  somewhat  distorted.  A  distinct,  narrow,  mar- 
ginal rim  is  present, — thickened  and  raised  on  the  front  margin,  and 
flatter  on  the  ventral  and  hinder  margins. 

The  oonvexity  of  the  surface  is  interrupted  by  several  elevations 
and  depressions.  In  the  antero-dorsal  region  are  five  unequal 
swellings ;  one,  large  and  pyriform,  is  most  noticeable,  and  a  small 
subtriangular  swelling  in  front  of  it  fills  the  antero-dorsal  angle ; 
behind  these  a  triangular  space  is  occupied  by  three  other  unequal 
prominences;  and  altogether  these  represent  the  locality  of  the 
important  cephalic  (buccal  or  gastric)  organs,  and  their  muscular 
attachments. 

Behind  the  swellings  are  two  ridges  on  the  valve  ;  one  along  its 
median  line,  and  the  other,  parallel,  but  somewhat  curved,  on  the 
ventral  region.  The  swellings  are  each  ornamented  with  a  few 
small  tubercles,  somewhat  wide  apart.  The  ridges  also  bear  such 
little  tubercles ;  the  upper  (straight)  ridge  having  about  nine,  and 
the  lower  (curved)  ridge  has  six. 

This  fossil  belongs  evidently  to  Echinocaris,^  Whitfield  (1880) ; 

^  For  the  latest  account  of  this  genus  and  the  scYeral  species  here  mentioned,  see 
6eol.  Sarr.  State  of  New  York,  Paleontology,  by  Prof.  James  Hall  and  J.  M. 
Clarke.  toI.  vii.  1SS8,  pp.  166-181,  plates  28-30.  Bee  also  our  Sixth  Beport  (for 
1888),  Bep.  Brit.  Assoc.  1889,  p.  180. 

DBCADB  nU — TOL.  n^-^XO,  TZ.  ^ 
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but  it  differs  from  E.  punctata,  Hall  (fig.  2,  after  Beeoher,  about 
two-tbirds  of  the  natural  size),  in  being  rounder  bebind,  and 
truncate  in  front, — in  the  arrangement  of  tbe  oepbalic  prominenoec, 
— and  particularly  in  having  two  parallel  ridgeSf  instead  of  one 
sigmoidal  ridge.  So  also  it  differs  from  E.  sMtevUf  Whitfield,  R 
condykpis,  Clarke,  E,  mtdtinodosa,  Whitfield,  and  E,  WkitfidHy 
Clarke.  E.  pustulosa,  Clarke,  has  only  one  tubercnlate  ridge. 
E,  socialist  Beecher,  has  the  two  parallel  ridges,  and  tbe  TaWe  iB 
slightly  pustulose  here  and  there ;  but  it  is  smaller  and  more  ovate 
than  the  specimen  under  notice  ;  and  the  cephalic  swellings,  though 
analogous,  are  not  identical. 

As  it  is  evidently  a  new  species  we  propose  to  name  this  uniqoe 
fossil  from  Devonshire  Echinogaris  Whidbornki,  after  the  Bev. 
G.  F.  Whidbome,  F.G.S.,  who  drew  our  attention  to  tbe  specimen, 
and  first  recognized  its  true  affinities. 

Mr.  J.  E.  Marr,  SecG.S.,  informs  us  that  this  rare  fossil  wai 
found  by  Mr.  Dufton  in  the  leaden-blue  shales  of  tbe  Lingtda- 
squamiformis  beds  in  a  quarry  near  Sloly,  close  to  the  three-milestone 
on  the  Barnstaple  and  Ilfracombe  road.  The  shales  (he  adds),  which 
are  here  interstratified  with  very  micaceous  frilled  sandstones, 
belong  to  the  CucullaBa-zone  of  the  Marwood  Beds.  The  specimen 
is  preserved  in  the  Woodwardian  Museum,  Cambridge,  and  has  been 
kindly  lent  to  us  by  Prof.  T.  McEenny  Hughes  for  examination  and 
description. 

II.  Beybichia  Devonica,  sp.  nov.     PI.  XI.  Figs.  3-5. 

Figs.  3,  4,  5  show  internal  casts  of  some  large  Beyrichics  from  the 
Devonian  strata  near  Torquay,  in  Devonshire,  in  different  states  of 
preservation.  Nine  or  ten  other  such  specimens  were  sent  to  us  for 
examination  by  llios.  Eoberts,  Esq.,  F.G.S.  They  are  all  preserved 
in  the  Woodwardian  Museum,  Cambridge,  and  are  imbedded  in  a 
finely  micaceous,  purplish-grey,  schistose  mudstone,  weathering  red, 
from  the  New  Cut,  above  Meadfoot,  Torquay.  The  fossils  occur, 
sometimes  on  a  cleavage-plane,  more  frequently  on  the  bed-planes, 
compressed  and  distorted  by  pressure ;  and  therefore  rarely  (as 
Fig.  3)  escape  some  such  modification.  The  test  of  the  valves  has 
gone,  and  the  casts  and  moulds  are  both  coated  with  ruddle,  which 
in  some  cases  seems  to  represent  the  test 

Figs.  3a — e.  This  is  the  internal  cast  of  a  simple  tbree-lobed 
Beyrichia  (4  mm.  long,  by  2  high),  having,  in  the  curved  ventral 
junction  of  tbe  two  hinder  lobes,  some  analogy  to  both  B.  Buchianoy 
Jones,  and  B,  Klcedeni,  var.  antiquata,  Jones, — which  are  of  Upper 
Silurian  age.  In  the  shape  and  size  of  the  valve,  however,  and  tbe 
proportions  of  the  lobes,  it  differs  from  both.  Another  good  cast 
(6  X  2*5  mm.)  differs  slightly  from  Fig.  3,  appearing  sharper  ia 
front  and  blunter  behind,  if  looked  at  on  edge, — that  is,  tbe  anterior 
lobe  is  rather  further  from  the  front  margin,  and  the  posterior  lobe 
nearer  to  the  hinder  margin. 

The  impression  from  out  of  which  some  of  these  and  other  casts 
have  come  indicate  no  other  characters  of  the  surface  except  what 
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the  oasts  show ;  in  some  oases,  however,  the  marginal  rim  is  more 
distinoL 

FigR.  4  a — d.  These  show  the  oast  of  a  very  larp^e  and  much 
squeezed  carapace  (7*5  mm.  long ;  the  hollow  mould  is  8  mm.,  having 
more  marginal  rim  behind).  The  valves  have  been  lengthened  and 
compressed  (Figs.  4  6,  c),  the  lobes  stretched  obliquely,  and  the 
carved  ventral  junction  obliterated  (Fig.  4a).  I1ie  results  of 
pressure  and  the  lower  scale  of  magnifying  give  this  specimen  an 
appearance  very  different  from  that  of  Fig.  3. 

Figs.  5  a,  6,  show  a  neat  and  smaller  cast  (3  mm.  long)  of  the 
same  species,  but  modified  by  pressure  (from  above  downwards  and 
obliquely),  so  that  the  length  of  the  valve  has  been  increased,  the 
height  lessened,  the  lobes  thrown  into  an  oblique  position  (as  also 
seen  in  Fig.  4a),  the  ventral  curve  almost  obliterated,  and  by  a 
longitudinal  wrinkle  or  small  fold  (not  well  shown  in  Fig.  5a)  the 
large  pyriform  lobe  is  puckered  all  along  its  postero- ventral  region. 
The  result  of  these  changes  is  that  the  modified  valve  looks  almost 
like  a  variety  of  B.  Klcedeni,  M'Coy;  but  the  evident  effects  of 
pressure  are  all  that  separate  it  from  the  more  typical  forms,  such 
as  Fig.  3. 

As    a    new  species  we  propose  to  call    this  form  Betriohia 

DSVONICA. 

As  is  well  known.  Prof.  Dr.  Ferdinand  Eoemer  some  years  ago 
noticed  a  large  Beyrichia  (about  4  mm.  long)  from  the  Devonian 
rocks  of  the  Bosphorus.^  See  his  "Geognost.  Bemerk.  auf  einer 
Heise  nach  Constajitinopel,"  etc.  "  Neues  Jahrb."  1863,  p.  521,  pi.  5, 
figs.  8a,  6.  At  p.  509  F.  Roemer  referred  these  fossiliferous  rocks  to 
the  Middle  and  Upper  Devonian;  but  M.  de  Yerneuil  (Bullet.  Soc. 
Geol.  France,  2  s6r.  vol.  xxi.  (1864),  pp.  147-155)  regarded  them 
as  of  Lower  Devonian  age.  In  the  Gbol.  Mao.  Vol.  VIII.  (1870), 
p.  466,  Prof.  Dr.  Ferd.  von  Hochstetter  is  cited  as  referring^  them 
palsBon tologioally  to  the  horizon  of  the  Lower  Devonian  beds  of 
Western  Europe,  noting  also  that  they  contain  some  few  Upper 
Silurian  fossils. 

Roomer's  two  little  figures  unfortunately  do  not  allow  us  to  offer 
an  opinion  as  to  the  specific  characters  of  his  'Beyrichia  from  the 
Bosphoms.'  It  may  or  may  not  be  related  to  our  species  from 
Torquay. 

The  new  Beyrichia  from  Devonshire  has  been  alluded  to  in  the 
Ann.  Mag.  Nat  Hist  ser.  6,  vol.  ii.  1888,  p.  299,  by  the  Rev.  G.  F. 
Whidbome,  F.G.S.,  and  is  there  said  to  have  been  found  by  Mr.  T. 
Roberts,  Mr.  Solly,  and  other  members  of  Professor  T.  McKenny 
Hughes's  Cambridge  party  during  their  visit  to  Torquay  in   the 

}  The  Turkish  Beyrichia  aboYo  mentioned  are  briefly  noticed  also  by  Mr.  W.  R. 
Swan,  in  the  Qoart.  Jonrn.  Geol.  Soc.  yoI.  xx.  (1864),  p.  115. 

*  In  his  Geological  Conditions  of  the  Eastern  Part  of  European  Turkey,  Jahrb. 
der  K.K.  geol.  I^ichsanstalt,  vol.  xx.  1870. 

*  This  specimen,  collected  by  M.  A.  Dumont,  was  sent  to  Dr.  Ferd.  Roemer  by 
M.  6.  Dewalque,  who«  having  the  care  of  the  Museum  of  the  Liesfe  University,  has 
allowed  us  to  see  the  specimen.  It  is  closely  allied  to,  if  not  the  same  as  our  B, 
Btvoniea, 
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upring  of  1888,  in  the  rod  beds  of  the  '<New  Cat^'  or  ''Lincombe- 
Hill  Drive,"  from  which  the  late  Mr.  Champemowne  obtained  bu 
HomalanotuM  some  years  ago.^  These  beds  lie  bigb  upon  the  slope 
of  the  llsham  Valley,  some  hundred  yards  to  the  North  of  Headfoot 
Bay.  They  are  considered  by  Prof.  Hughes  to  be  the  same  as,  or, 
more  probably,  slightly  lower  than  the  Pleurodiehfum'hedB  of  Kil- 
morie;  and  he  has  obtained  Fleurodietyum  and  other  fossils  from 
beds  in  their  immediate  neighbourhood. 

EXPLANATION  OP  PLATE  XI. 

Fio.   1.     Eehinoearu  JThidbcmei,  sp.  dot. 

Fio.    2.    Eehinoearia  punctata^  Hall;  after  Beecher,  about  f  rds. ;  shown  for 

compariflon,  and  to  indicate  the  fonn  of  the  whole  anioial. 
FiOB.  3-5.  Biyriehia  Drvonieu. 


II. — Om  an  Ichthtosaubian  Paddlb  Sbowihg  thk  Cortoub  or 

THE  InTBOUMBNTS. 

By  B.  Ltdbkkir,  B.A.,  F.6.8.,  F.Z.8.,  ete. 

IN  the  year  1841  Sir  B.  Owen  described  and  figured*  a  slabot 
rook  from  the  Lower  Lias  of  Barrow-on-Soar  which  showed 
the  impressions  of  the  bones  and  integuments  of  a  pelvio  paddle  of 
an  IchthyosauruB.  probably  referable  to  the  typical  J.  oommtmif.  In 
this  speoimen '  it  appears  that  the  integuments  were  produced  to  a 
greater  extent  on  the  posterior  than  on  the  anterior  side  of  the  bony 
framework ;  and  that  while  the  anterior  margin  of  the  soft  parts 
showed  evidence  of  squamation,  the  larger  posterior  flap  was  marked 
by  oblique  strisB  extending  from  the  bones  to  the  periphery  which 
appeared  to  have  been  caused  by  parallel  bundles  of  muscular  fibres, 
llie  distal  extremity  of  the  soft  fin  terminated  in  a  sharp  point  far 
below  the  distal  bones. 

This  specimen  appears  to  be  the  only  English  example  hitherto 
described  showing  the  form  of  the  integuments  of  the  paddles.  In 
1888,  however,  Dr.  E.  Fraas  published  a  paper  on  the  integuments 
of  the  paddles  of  Ichthyoaatirvs*  in  which  he  described  two  specimens 
belonging  to  the  Longipinnate  *  group  of  the  genus,  which  may 
apparently  be  referred  either  to  I.  acutirostrts  or  the  allied  I. 
Zetlandiciis.  One  of  these  specimens  showed  both  the  pectoral  and 
pelvic  paddles,  while  the  second  only  exhibited  the  pectoral  paddle, 
which  is  figured  in  the  plate  accompanying  the  memoir.  These 
specimens  confirmed  the  inferences  drawn  from  the  English  example, 
but  showed  that  in  the  Longipinnate  group  the  integumentary  portion 
of  the  paddles  was  relatively  wider,  and  terminated  in  a  blunt  lower 
extremity,  which  extended  but  a  short  distance  beyond  the  distal 

1  Geol.  Mao.  1888,  pp.  487-491,  PI.  XIII.  ;    1882,  pp.  167-8,  PI.  IV.  Fig.  3. 
^  Trans.  Geol.  Soc.  ser.  2,  vol.  vi.  pt.  i.  p.  199,  pi.  xx.    See  also  Liaasio  Bsptilia 
(Mon.  Pal.  Soc.)  pt.  iii.  pi.  xiviii.  fig.  3. 
»  British  Museum,  No.  29672. 

*  Jahresh.  Ver.  Nat.  Wiirttemberg,  1888,  pp.  280-303,  pi.  vii. 
^  See  the  writer's  Catalogue  of  Fossil  Reptiiia  and  Amphibia  in  British  HaseiUD, 
pt.  ii.  p.  69  (1889). 
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bouM.  They  also  showed  that  the  peotnral  limb  had  a  broad  flap 
of  integument  in  the  axillary  region.  Oblique  atriee,  like  those  of 
the  Engliah  ipeciraen,  were  obgerred  on  the  pnsterior  flap  of  integu- 
ment, and  were  likewise  held  to  be  probabl;  formed  by  muscular 
boudlee;  while  the  squamation  of  the  anterior  border  of  the  fin  was 
■howo  to  be  of  a  very  minute  and  fine  structure. 

80  far  aa  I  know,  the  above  is  all  the  original  literature  which 
baa  appeared  on  this  subject,  and  I  proceed  to  notice  the  apeoimen 
on  whioh  the  present  communication  is  based.  The  specimen  in 
question  was  kindly  sent  to  me  by  Mr.  Montagu  Browne,  of  the 
Leioeater  Museum,  who  obtained  it  some  time  ago  from  the  Lower 
Liaasio  quarries  at  Barrow-on-8oar.  It  consists  of  a  split  slab 
showing  the  imperfect  thoracic  region  of  a  small  lohthyosaur  clearly 


i  pectoral  piid 

erLiu  0/ Ban. .. 

Hklf  nat.  die.    ha,  humerui;  r.  radius ;  m.  ulna;  r*.  radiate ;  ■'.  intennedium ; 
h'.  nlnare;  e.^.  centralia. 

referable  to  the  Latipinnate  group  of  the  genus,  and  apparently 
belonging  to  J.  nUrmedivM.  A  large  portion  of  the  left  pectoral 
limb  ia  well  preserved,  the  bones  having  been  split  in  a  plane 
parallel  to  the  dorsal  and  ventral  surfaces;  although  the  distal 
extremity  Is  unfortunately  wanting.  Tbe  half  of  the  slub  which 
best  exhibits  tbe  paddle  is  the  one  in  which,  if  the  specimen  were 
not  split,  we  should  look  upon  its  ventral  aspect;  this  view  being 
represented  in  the  acoompaaying  woodcut.  An  inspection  of  tliis 
figure  shows  that  tbe  lateral  flaps  of  integument  are  clearly  marked 
on  the  slab,  and  that  their  general  arrangement  is  the  same  as  in 
the  Bpecimeas  previously  described.  On  the  narrow  anterior 
flap   a    minute  squamatiun   can   be   detected   with  the  aid  of  tbe 
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lens;  while  the  wider  posterior  flap  shows  the  obliqae  lines 
described  by  Messrs.  Owen  and  Fraas.  These  lines  are  formed  bj 
whitish  films  lying  on  the  rock,  which  are  distinctly  striated,  and  are 
at  first  sight  very  suggestive  of  fin-rays,  although  it  is  on  the  whole 
more  probable  that  they  really  indicate  parallel  muscalar  bundlei. 
The  axillary  region  was  evidently  produced  Into  a  well-marked  flap, 
or  prominence.  In  proportion  to  the  bony  framework  the  posterior 
flap  of  integument  is  much  narrower  than  in  the  specimen  figured 
by  Fraas ;  and  since  our  specimen  agrees  in  this  respect  with  the 
pelvic  paddle  figured  by  Owen,  it  may  be  assumed  that  the  distal 
extremity  of  the  soft  part  was  produced  and  pointed  as  in  the  latter. 

We  have,  therefore,  now  good  evidence  that  while  the  integument  a 
of  the  paddles  of  the  two  primary  groups  into  which  the  genos 
Irhthyosaurus  is  divided  were  of  the  same  general  type  of  structure, 
yet  that  they  differed  so  markedly  in  detail  as  to  afford  another 
important  point  of  distinction  between  the  two  groups. 

I  may  add  that  Mr.  Montagu  Browne  has  been  good  enough  to 
present  the  figured  half  of  this  interesting  specimen  to  the  British 
Museum. 


III. — On  the  Origin  of  the  Stonk-Eiyebs  of   the   Falkland 

Islands. 

By  Chablbs  Dayisow,  M.A., 
Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

THE  stone-rivers  of  the  Falkland  Islands  have  been  described  by 
Mr.  Darwin,  Sir  Wyville  Thomson,  Dr.  Coppinger,  and  other 
naturalists  who  have  visited  those  regions.^  The  accounts  given  hy 
the  two  first-named  are  well-known  and  easily  accessible,  and  render 
a  full  description  here  unnecessary.  But  it  may  not  be  out  of  place 
to  summarise  the  principal  features  of  the  stone-rivers,  which  must 
find  an  explanation  in  any  satisfactory  theory  of  their  origin. 

They  consist  of  angular  blocks  of  quartzite,  '*  arranged,"  according 
to  Pernety,  '*  as  if  they  had  been  accumulated  carelessly  to  fill  the 
i-avines.**  The  blocks  are  from  two  to  twenty  feet  long,  and  rest 
**  irregularly  one  upon  the  other,  supported  in  all  positions  by  the 
angles  and  edges  of  those  beneath  '*  (Thomson).  At  tbe  same  time, 
**  they  are  not  thrown  together  into  irregular  piles,  but  are  spread 
out  into  level  sheets  or  great  streams  "  (Darwin),  the  surface  of  one 
visited  by  Dr.  Coppinger  being  •'  tolerably  flat,"  and  not  indicating 
''  a  process  of  accumulation  by  flow  from  either  side."  The  streams 
vary  in  width  from  a  few  hundred  feet  to  a  mile  or  more.  Their 
depth  is  unknown,  but,  according  to  Darwin,  is  probably  great: 
though  "far  down  below,  under  the  stones,"  says  Sir  Wyville 
Thomson,    "one  can   hear  the   stream   of  water  gurgling  which 

^  A.  J.  Pem^ty,   Histoire  d*un  Voyage  aux  Isles  Malooires,  etc.  (nouT.  6d., 

1770,  Paris),  vol.  ii  pp.  1-6  ;    C.  Darwin,  Journal  of  Researches,  etc.  (1879), 

pp.  196-199 ;   Sir  C.  W  yv.  Thomson,  The  Movement  of  the  Soilcap ;   JS stare  (Feb. 

22,  1877)t  vol.  XV.  pp.   359-a60;    alfto,  Noy^^^i  qI  \.W  *  CV^aikw^er^'  vol.  ii.  pp. 

246-249  ;  and  the  Eac.  Brit.,  art.  0Til\Le¥«&2^iA\t^KQ.^\  \ix,^»^  «V^^^^^a>a^> 

Omiw  of  the  *  Alert*  (1885),  pp.  ^1^  ^^. 
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xmpies  the  axis  of  the  valley ;  and  here  and  there,  where  a  space 
stween  the  hlooks  is  unusually  large  and  clear,  a  quivering  reflecti<»n 

sent  hack  from  a  stray  sunbeam."  The  inclination  of  Uie  surface 
'  the  stone-rivers  is  very  small,  and  this  is  their  most  remarkable 
ature.  *'  On  the  hillsides,"  says  Darwin,  **  I  have  seen  them 
oping  at  an  angle  of  ten  degrees  with  the  horizon,  but  in  some  of 
le  level,  broad-bottomed  valleys,  the  inclination  is  only  just  sufficient 
» be  clearly  peroeived."  The  actual  movement  of  the  blocks  does 
ot  seem  to  have  been  noticed.  "  As  far  as  1  can  ascertaiu,"  Dr. 
oppinger  remarks,  **  no  attempt  has  ever  been  made  to  estimate 
le  rate  of  movement  (if  any)  of  these  '  runs,'  and  there  is  no 
iridenoe  whatever  of  their  motion  during  the  present  oentury." 

The  origin  of  the  blocks  themselves  has  been  clearly  pointed  out 
f  Sir  Wyville  Thomson.  "The  beds  of  quartzite  are  of  very 
tfferent  hardness:  some  are  soft,  passing  into  a  crumbling  sand- 
jone;  while  others  are  so  hard  as  to  yield  but  little  to  ordinai-y 
feathering."  Being  worn  away  unequally,  the  harder  bands 
reject,  and  at  last  the  joint-formed  blocks  fall  over.  The 
ifficulty,  however,  is  to  account  for  their  present  position  and 
rrangement,  and,  for  this  purpose,  the  following  theories  have  been 
reposed: — 

1.  The  action  of  earthquakes,  hurling  the  blocks  down  the  slopes, 
id  then  levelling  them  out  into  continuous  sheets  (0.  Darwin, 
-  J.  Pemety). 

2.  The  movement  of  the  soilcap  euclosing  the  stones,  the  soil 
ding  afterwards  washed  away  by  the  streamlets  in  the  valleys  (Sir 
.  Wyv.  lliomson). 

3.  The  former  movement  of  ''earth-glaciers,"  which,  owing  to  a 
tiange  of  climate,  became  desiccated,  the  earth  being  afterwards 
'ashed  away  by  rain  and  streams  (J.  Geikie).^ 

4.  The  action  of  frost  and  snow,  the  alternate  freezing  and 
lawing  of  rain  (Sir  J.  D.  Hooker).* 

5.  The  action  of  glaciers.  **  I  believe  it  will  not  be  difficult  to 
cplain  their  origin  in  the  light  of  the  glacial  theory,  and  I  fancy 
ley  may  turn  out  to  be  ground  moraines  similar  to  the  '  horse- 
icks '  of  Maine  "  (J.  R.  L.  Agassiz).' 

6.  The  alternate  expansion  and  contraction  of  the  blocks  under 
langes  of  temperature  taking  place  mainly  down  the  slopes,  being 
isisted  by  gravity  in  that  direction  (C.  Davison).^ 

It  is  not  my  purpose  to  discuss  these  suggestions  here ;  but  I  may 
>mark  that,  according  to  Thomson,  "  ice  had  no  hand  whatever  in 
le  production  of  these  grand  '  moraines  '  of  the  Falkland  Islands." 
he  second  theory  has  been  criticised  adversely  by  Prof.  J.  Geikie 

1  The  MoTement  of  the  Soilcap  :   Nature  (March  8, 1877),  vol.  xy.  pp.  397-398. 

*  Hinudayaii  Joumals  (1864),  yoI.  ii.  p.  179  (footnote). 

'  LoaiB  Agaasiz :  His  Life  and  Correspondence,  edited  by  £.  C.  Agassiz,  yoI.  it 

».  694-695.     Extract  from  a  letter  to  Prof.  B.  Peirce,  dated  Feb    20,  1871.     It 

ould  be  noted  that  Agasaiz*8  intention  of  yisiting  the  Falkland  Islands  was  neYer 

iriedoat. 

'  Note  on  the  Morement  of  Scree-material :   Qxiart.  ]o\ixii.  0«c\.  ^o^  V^%^'^^  "^^ 

r.  pp,  232-237. 
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and  Dr.  Coppinger  with,  I  believe,  oonoluBive  force.  With  regard 
to  the  sixth,  though  slight  movements  of  this  nature  must  undoaht- 
edly  be  taking  place,  they  must  in  this  case  be  nnosnally  small, 
for  the  climate  of  the  Falkland  Islands  is  dull  and  the  sky  almost 
continually  overcast^ 

Now.  in  all  of  the  above-mentioned  theories,  the  transport  of  the 
quartzite  blocks  over  considerable  distances  is  taken  for  granted,  and 
the  object  of  the  theories  is  really  to  account  for  this  transport  orer 
a  rough  and  irregular  surface,  inclined  generally  at  a  very  small 
angle  to  the  horizon.  But  is  it  not  possible  that  this  assumption  ia 
unnecessary ;  that  the  blocks,  though  they  have  doubtless  undergone 
some  movement,  still  remain  in  the  immediate  neighbourhood  of  the 
places  they  occupied  before  the  valleys  were  formed ;  that  the  stone- 
rivers  are,  in  fact,  but  an  extreme  case  of  the  inability  of  a  stream 
to  remove  the  debris  in  its  course  ? 

On  the  summits  of  many  of  our  mountains,  we  have  a  phenomenon 
not  unlike  the  stone-rivers  in  appearance,  and  perhaps  similar  to 
them  in  origin.  The  so-called  *'  blocky  structure,"  so  conspioaons, 
for  example,  on  Scawfell  Pike,  occurs  in  many,  if  not  in  most,  cases 
where  alternate  bands  of  hard  and  soft  rock  crop  out  at  the  summit 
The  softer  layers,  being  more  easily  weathered,  are  gradually 
removed  by  wind  and  rain ;  and,  in  course  of  time,  the  joint-formed 
blocks  of  the  harder  projecting  bands  fall  over  iu  various  directions, 
giving  rise  to  that  confused,  tumultuous  appearance,  which  seems  at 
first  sight  to  suggest  the  action  of  an  overwhelming  force.  The 
blocks  remain  almost  as  they  fall,  for  the  forces  in  action  on  the 
mountain-summits  are  insufficient  to  displace  them  greatly. 

Now,  in  the  Falkland  Islands,  we  have,  as  we  have  seen,  some- 
what similar  conditions ;  bands  of  hard  quartzite  separated  by  seams 
of  soft  and  crumbling  sandstone.  When  streams  began  to  flow  over 
the  primitive  surface  of  the  country,  they  bore  away,  I  imagine,  the 
loosened  debris  of  the  softer  bands,  but  the  resulting  blocks  of 
quartzite  were  too  heavy  to  be  moved  by  them  and  hard  enough  to 
resist  atmospheric  disintegration.  The  streams  then  flowed  between 
and  below  the  blocks,  and  continued  to  remove  the  softer  bands 
beneath,  working  their  way  from  side  to  side  of  the  valleys.  The 
quartzite  blocks  thus  gradually  subsided  vertically  all  over  the 
valleys,  most  along  the  axis  and  in  the  lower  regions,  least  at  the 
sides  and  in  the  upper  parts,  forming  on  the  whole  a  gently  sloping 
surface,'  but  rough  and  irregular  in  its  details  owing  to  the  dififerent 

1  **  The  temperature  is  yeiT  equable,  the  average  of  the  two  midsummer  moathi 
being  about  47°  Fahr.,  and  that  of  the  two  winter  months  sr  Fahr.  The  sky  is 
almost  constantly  overcast,  and  rain  falls,  mostly  in  a  drizzle  and  in  frequent  showers, 
on  about  250  days  in  the  year.  The  rainfall  is  not  great,  only  about  20  inches." 
£nc.  Brit.,  art  on  the  Falkland  Islands. 

*  It  should  be  noted  that  the  quartzite  bands  are  often  much  crumpled  and 
distorted,  but  the  surface  of  the  stone- rivers  would  be  fairly  smooth  in  any  part, 
if  the  total  thickness  of  the  quartzite  bands  formerly  above  that  part  were  approximately 
the  same  all  over  it     Sir  Wyville  Thomson  states,  however,  that   "the  general 
colouring  ^of  the  islands^  is  daiV  \)towTi\&\x-TO!eii,  t^\%n<A  ^wv^  ^^  ^Vr^<^  q1  the 
hills  by  Terns  of  white  quaTtzit©  deniided  V^n  uie  ^«wva%  v«vsi  ol^KiVwjt  tw^w^^'^V^^ 
ndee,  and  left  projecUng  on  t\ie  mo\MvXam-Ao^5«&  >^>S'^  ^S^^\^\«^  ^Vjpaa  \^^s»? 
(£00.  Brit.). 
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rises  of  the  blooks  and  the  TariouB  directions  of  their  fall.  The 
•arfaoe  of  the  stone-riverB  might  thus  be  continuous  with  the  slopes 
of  the  surrounding  country ;  there  would  not  necessarily,  although 
there  might,  be  bounding  cliffs.^  In  the  "  blocky  structure "  of 
mountain-summits,  a  limit  in  depth  must  soon  be  reached,  beyond 
which  wind  and  frost  and  rain  can  have  but  little  effect  in  weather- 
ing and  removing  the  softer  rock.  But,  in  the  stone-rivers  of  the 
Falklands,  the  process  may  be  carried  very  much  further:  as  long 
as  streams  are  able  to  find  their  way  among  the  blocks  and  can 
remove  the  sand  between  them. 

This  theory  seems  to  me  to  account  satisfactorily  for  the  features 
of  the  stone-rivers,  so  far  as  they  are  given  in  the  published 
narratives.  It  accounts  also  for  another  fact  which  is  not  referred 
to  in  the  theories  mentioned  above,  namely,  the  proportion  of  the 
volume  of  the  quartzite  blocks  to  the  volume  of  the  rock  that  must 
originally  have  occupied  the  valleys.  From  the  slight  slope  of  the 
surface,  and  the  certainly  not  small  depth,  of  the  stone-rivers,  we 
must  infer  that  this  proportion  is  not  inconsiderable.  If  the  for- 
mation of  the  stone-rivers,  then,  began  some  time  after  the  com- 
mencement of  denudation  in  the  islands,  not  only  must  the  quartzite 
blocks  resulting  from  previous  erosion  in  some  way  have  been 
removed,  but  the  valleys  must  also  have  greatly  increased  in  width 
in  order  to  provide  the  material  for  the  stone-rivers :  a  large  amount 
of  the  softer  rock  must  have  been  carried  away :  and,  therefore,  in 
part,  at  least,  a  cause  like  that  suggested  in  this  paper  must  have 
been  in  action.  But  if  we  suppose  that  the  formation  of  the  stone- 
rivers  has  all  along  taken  place  concurrently  with  the  excavation  of 
the  valleys,  we  can,  I  think,  account  for  the  origin  of  the  former 
without  having  to  call  in  the  aid  of  auy  non-existing  agencies  to 
explain  the  transport  of  the  blocks. 


IV. — Note  on  Bhisobatus  buqesiacus — a  Selachian   Fish   fkoh 

THE    LiTHOOBAPHIO    SlONE. 

By  A.  Smith  Woodward,  F.O.S.,  F.Z.S. 

SINCE  1857,'  the  occurrence  of  a  gigantic  species  of  the  Selachian 
family  Khinobatidss  in  the  Lithographic  Stone  of  Bavaria  has 
been  well  known,  and  three  fine  specimens  are  exhibited  in  the 
Munich  Museum.  No  figure,  however,  appeared  until  1887,  when 
Dr.  E.  A.  von  Zittel  published'  the  illustration  he  has  kindly 
allowed  to  be  reproduced  here  ;  and  the  only  detailed  description  is 
that  of  Wagner,*  written  about  thirty  years  ago.  Quite  recently, 
the  British  Museum  has  acquired  the  countei-part  of  one  of  the 
fossils  in  the  Munich  collection — a  female  individual  in  a  remarkable 

*  *•  Why,"  asks  Dr.  Coppin^er,  "do  they  [the  Btone-rivere]  exhibit  a  mar^n  so 
■harp  and  well-defined,  yet  without  the  elevated  rounded  appearance  of  a  river- 
bankP" 

»  A.  Wagrnar,  Ge)ehrte  Anz,  bay.  Akad.  Wias.  to\.  x\W.  i^Ubl^  -^^  ^I*^*!. 

*  HoDdb,  FiliBoat,  vol.  Hi  p.  103,  fig.  117. 

'  Abb,  k.  btLj.  Akad.  Wieb.  Afath.-phys.  CI.  to\.  ix.  (,Uft\V^-  "^^^^ 
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itaie  of  preservation ;  and  this  is  now  exhibited  in  the  form  of  a 
ilab  upon  the  west  wall  of  the  Gallery  of  Fossil  Fishes. 

The  specimen  in  question  is  complete  in  all  important  respects, 
only  the  proximal  portion  of  the  left  pectoral  fin  and  non-essential 
parta  of  the  median  fins  being  wanting ;  but  the  vertebral  column, 
except  towards  the  extremity  of  the  tail,  is  shown  as  fragments  or 
merely  in  impression,  and  the  jaws  are  unfortunately  buried  in  the 
matrix.  The  fish  is  exposed  from  the  dorsal  aspect,  measuring 
1*50  m.  (about  5  ft)  in  total  length ;  and  in  general  form  it  agrees 
"with  the  male  individual  represented  in  the  accompanying  figure. 
The  snout  is  remarkably  produced,  and  on  the  outer  side  of  each 
nasal  capsule  is  a  long  slender  forwardly- directed  cartilage,  evidently 
to  be  regarded  as  prepalatine.  The  basal  pterygia  of  the  right 
pectoral  fin  are  more  clearly  shown  than  those  of  the  Munich  fossil, 
as  here  figured,  the  mesopterygium  being  large  and  broad,  the  pro- 
pteiTgium  long,  slender,  and  segmented  distally,  and  the  metaptery- 
gium  somewhat  stouter  than  the  latter;  the  large,  very  broad 
cartilaginous  fin-rays  are  also  all  distinct  The  dorsal  fins  are  rela- 
tively larger  than  indicated  by  the  outlines  in  the  figure ;  and  the 
caudal  fin  has  a  slightly  greater  expanse,  though  this  may  be  due  to 
dififerenoe  in  crushing  during  fossilization.  Coarse  rounded  sha- 
green-granules cover  the  dorsal  aspect  of  the  cranium,  the  pectoral 
arch,  and  the  longitudinal  middle  line  of  the  back ;  but  there  are 
no  large  tubercles  or  spinous  defences. 

So  long  ago  as  1836.  Count  Miinster '  briefly  noticed  the  caudal 
extremity  of  a  large  Selachian  from  the  Lithographic  Stone  of 
Kelheim  under  the  name  of  Aellopos  etongaiiu;  and  in  1843,  Agassiz' 
recorded  the  occurrence  of  a  very  large  pectoral  fin  with  the  pro- 
visional name  of  JSuryarthra  Muemterii.  Both  these  fossils  probably 
pertain  to  the  fish  now  under  discussion,  as  already  suggested  by 
V.  Zittel,  and,  to  a  certain  extent,  also  by  Wagner ;  but  they  were 
not  sufficiently  described  for  recognition  before  1854,  when  Thiollicre' 
gave  detailed  notes  and  figures  of  specimens  from  the  Lithographic 
Stone  of  Cirin,  Ain,  France,  identical  in  every  respect,  except  size, 
with  the  Bavarian  species.  The  name  proposed  by  Thiol  Here — 
Spaihohaiis  Bugetiaeus — is  thus  applicable  to  this  species;  and  as 
there  is  no  significant  difference  between  ''  Spathobatis "  and  the 
recent  BhinobatuSf  we  prefer  to  regard  the  former  generic  name 
merely  as  a  synonym  of  the  latter. 

When  studying  the  Bavarian  **  Spathobatis,**  Wagner  himself 
distinctly  perceived  its  identity  with  the  French  species  described 
by  Thiolli6re ;  but  owing  to  the  fact,  that  the  former  attained  twice 
the  size  of  the  latter,  he  considered  a  distinct  specific  name  justifiable, 
and  suggested  that  of  8,  mirabilis.  According  to  modem  ideas  of 
nomenclature,  however,  this  name  must  become  a  synonym ;  and 
an  examination  of  the  type-specimen  of  8.  mortnieua,  Sauvage/  from 

1  Neues  Jahrb.  1836,  p.  681. 

'  Rech,  PoJM.  Fota.  joL  iii.  p.  882. 
/  £^*"-  ^^'  Bugey,  pt.  i.  p.  7,  pU.  i.  iL 
*  Bull  8oc  AcadSmique  Boologne-Bux-Mei,  IW^,^.  ^^. 


396  Alfred  Barker—''  Eye%  "  of  Pyrites  in  Slaie. 

the  Portlandian  of  the  BoalonnaSs,  has  conTinoed  the  present  writer 
that  the  last-mentioned  name  mast  also  share  the  same  fate. 

Rkinohatua  Bugenaeua  thus  oocurs  in  the  Lower  Kimmertdgisn  of 
Bavaria  and  S.E.  France  and  in  the  Lower  Portlandian  of  N.E. 
Franoe :  in  the  first  and  last  localities  it  attains  its  mazimnm  dimen- 
sions, while  in  the  second  it  is  comparatively  dwarfed.  The  sune 
species  may  also  perhaps  he  met  with  in  the  English  Kimmeridgian, 
hut  as  only  detached  vertehrsB  have  hitherto  been  discovered,'  it  is 
at  present  impossible  to  arrive  at  a  specific  determination. 


WOODWABDIAN   MuSKUM  NOTBS. 

V. — On  "  Ey«s  "  OF  Pybites  and  other  MineraIiS  in  Slati. 

By  Altrbd  Habkbb,  M.A.,  F.O.S. 

AMONG  instances  of  the  bodily  deformation  of  rocks  by  lateral 
pressure,  the  case  of  the  phyllade  aimantifire  of  Montherme  is 
well  known.  By  its  strong  cleavage  this  rock  gives  evidence  of 
considerable  lateral  compression.  Professor  Benard'  has  Bhown 
that  prior  to  this  compression  the  magnetite  crystals  already  existed 
in  the  rock,  and  were  surrounded  by  a  coating  of  chlorite.  The 
crystals  yielded  to  the  pressure  much  less  readily  than  their  matrix, 
and  the  latter,  having  already  a  firm  consistence,  became  separated 
from  the  crystals,  carrying  the  chlorite  with  it,  and  was  displaced 
along  the  planes  which  are  now  cleavage-planes,  that  is,  in  a  direc- 
tion at  right  angles  to  that  of  the  pressure. 

My  object  is  to  show  that  similar  phenomena  are  not  uncommon 
among  cleaved  rocks  in  our  own  country.  Some  years  ago  I 
obtained  from  the  Penrhyn  quarry  a  specimen  of  slate  with  cubes 
of  pyrites,  in  which  the  displacement  of  the  matrix  around  the 
imbedded  crystals  is  well  exhibited.  As  in  the  French  phyllade, 
the  vacant  spaces  left  have  been  subsequently  filled  by  infiltered 
quartz,  which  grew  roughly  perpendicular  to  the  faces  of  the  crystals 
The  arrangement  is  represented  in  figure  1  (p.  397).  As  the  "eyes" 
are  from  half  an  inch  to  an  inch  in  length,  the  pyrites,  quartz,  and 
chloritic  mineral  can  be  easily  distinguished  with  the  naked  eye, 
while  a  thin  section  makes  a  pretty  object  under  the  microscope 
(No.  601).  In  the  phyllade  aimantifire  the  magnetite  crystals  are 
only  0-2  to  0-8  mm.  in  length  (No.  502).  M.  Keusch  »  has  noticed 
a  precisely  similar  disposition  of  quartz  and  chlorite  around  dodeca- 
hedra  of  pyrites  in  a  schistose  diabase  dyke :  here  too  the  orystaU 
appear  to  be  only  about  one-hundredth  of  an  inch  in  diameter. 

The  phenomenon  is  probably  one  of  wide  occurrence.  It  is  seen 
in  sericitic  slates  at  Blaenau  Ffestiniog  and  at  other  places  in  North 
and  South  Wales;  also  in  the  very  pyritiferous  slates  of  Balla- 
chulish  near  Oban.    The  "eyes"  are  always  flattened  parallel  to 

1  Catal.  Fo88.  Fishes,  Brit.  Mus.  pt.  1,  p.  83. 

»  Bull  Mus.  Roy.  Hist.  Nat.  Be\^.  ^o\.  vv.  ^.  \^^,  wA  ^\»*a  ^u  1883.    See  also 
Goaselet'B  "  L'Ardenne,"  p.  61  aud^^.  \T,  \%^%. 
^  -Bommeloen  og  Karmoen,  pi^.  6^,10,  \^^*. 
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the  cleavage-planes  and  drawn  out  along  the  line  of  oleavage-dip 
{langrain  of  the  French).  It  indicates  that  in  those  cases  the 
pyrites  is  of  i^ery  early  origin,  and  that  it  became  coated  at  an 
early  stage  with  a  ohloritio  envelope ;  further,  that  the  rock  became 
tfaoronghly  compacted  before  it  was  subjected  to  the  lateral  thrust, 
BO  that  in  yielding  it  was  able  to  leave  vacant  spaces,  which  weie 
filled  at  a  later  date  by  crystalline  quartz.  This  last  point  is  proved 
by  the  manner  in  which  the  quartz  has  been  formed  with  its 
crystals  perpendicular  to  the  faces  of  the  pyrites.  There  are,  how- 
ever, other  cases  in  which  the  quartz  has  a  fibrous  structure,  the 
fibres  being  set  parallel  to  the  longrain,  that  is,  to  the  direction  of 
movement^  as  diagrammatically  shown  in  fig.  2.    This  is  presum- 

t 


Sections  at  right-angles  to  the  cleavage-planes.    P= pyrites ;  Q =qnnrtz ; 

C  cchloritac  mineral. 

ably  due  to  the  quartz  having  been  deposited  concurrently  with  the 
process  of  deformation,  so  that  no  vacant  space  was  actually  formed. 
The  examples  cited  by  Loretz'  from  the  Thuringerwald  must  be 
referred  to  this  kind  of  action.  In  these  the  pyrites  has  been  sub- 
sequently converted  into  limonite. 

Another  variety  of  "eye"  is  found  in  the  Llandeilo  slates  of 
"Whitesand  Bay  near  St.  David's.  Here  the  whole  external  surface 
of  the  "eyes,"  which  are  about  an  inch  and  a  half  to  two  inches 
long,  has  a  strongly  fibrous,  slickensided  aspect.  On  making  a 
section,  it  is  seen  that  the  pyrites  cubes  have  their  angles  and 
quoins  rounded  off,  and  little  fragments  of  pyrites  are  detached  and 
enveloped  in  the  quartz  which  occupies  the  comers  of  the  "  eyes." 

It  should  be  noted  that  these  lenticular  or  eye- shaped  masses  are 
essentially  characteristic  of  discontinuous  sliding  movement,  in  which 
actual  disruption  has  taken  place  between  substances  capable  of 
different  degrees  of  yielding,  such  as  the  hard  pyrites  and  the  less 
hard  rock  surrounding  it  The  same  rocks  often  exhibit  the  ellip- 
soidal green  spots  (distorted  spheres)  first  noticed  by  Dr.  Sorby, 
which  indicate  continuous  deformation  without  abrupt  slipping. 

1  Jahrh.  d.  konigL  preuss.  geolog.  Landes.  for  ISSl^  ^^.  283-289. 
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YI^On  PuillipsastrjEa,  d*Orb.,  with  Ebpeoial  Bbfebkhoi  to 

PhILUPSASTRJEA   KADUTA,  S.-WoODWABD  8P.,  AJND  PaiLUPSASTMMA 
TUBBBOSA,  M'GOT,  8P. 

By  Rudolph  Schafer,  Ph.D. 
(PLATE  XII.) 

THE  genera  PhiUipsoitraa  and  Smithia  have  long  been  a  sonroe 
of  trouble  to  palseontologisto,  and  since  the  establishment  of 
the  latter  genus  in  1851,  it  has  been  very  doubtful  in  which  of  the 
two  genera  certain  species  of  Corals  should  be  placed.  The  more 
extended  our  acquaintance  with  the  species  belonging  to  both 
genera  became,  the  more  probable  it  seemed  that  the  distinctioiis 
between  them  were  in  reality  unimportant  and  insufficient  to  justify 
a  division  into  two  different  genera.  It  was  in  fact  proposed  by 
Eunth  as  early  as  1870  that  both  genera  should  be  united  under  the 
earlier  name  PhillipBasiraa,  It  has  been  stated  that  PhilUpsatlrea 
possesses  a  columella,  while  Smithia  has  none;  upon  the  truth  of 
this  statement  the  retention  of  the  two  genera  depends.  Kuuth  has 
denied  the  existence  of  such  a  difference.  Nevertheless  both  genera 
are  still  retained.  From  a  careful  study  of  the  specimens  in  the 
British  Museum  (Natural  History)  and  in  the  Woodwardian  Museum 
at  Cambridge,  I  have  come  to  the  conclusion  that  Kunth's  opinion  is 
well  founded ;  and  in  the  following  remarks  I  shall  further  attempt 
to  show  that  certain  species  which  are  still  sometimes  described  as 
having  a  true  columella  do  not  really  possess  one. 

I  am  indebt-ed  to  Dr.  Henry  Woodward,  F.K.S.,  the  Keeper 
of  the  Geological  Department  in  the  British  Museum  (Natural 
History),  for  granting  me  facilities  for  the  study  of  the  specimens  of 
Phillipfiastrcea  and  Smithia  under  his  care,  and  also  for  the  privilege 
of  having  sections  made  from  them,  without  which  their  characters 
could  not  have  been  determined.  I  also  owe  Professor  T.  McKenny 
Hughes  my  best  thanks  for  his  kindness  in  allowing  me  to  examine 
the  specimens  in  the  Woodwardian  Museum  at  Cambridge. 

Before  giving  a  description  of  the  specimens  in  question,  a  few 
short  notes  on  the  history  of  both  genera  might  not  be  without 
interest. 

Uistory  of  the  genera. — In  the  year  1849  d'Orbigny  established  the 
genus  PhiliipsastrcBa,  of  which  he  gave  the  following  diagnosis^: 
**  PhiUipsastrtea,  d'Orb.,  1847.'  Ce  sont  des  Siderastrea,  dont  la 
columelle,  au  lieu  d'etre  styliform  saillante,  est  large  et  divisee  en 
cloisons  rayonnantes,  comme  chez  les  Columnastraa."  He  gives  two 
species  : — Phillipsastnea  parallela,  d'Orb.,  lS4:7=zA8trea  parallda, 
F.  A.  Roemer.  Verst  d.  Harzgeb.  1843,  p.  6,  pi.  3,  fig.  1. — Phillip' 
aaatraa  ITennahii,  d'Orb.  1847=i4«<r«a  Ilennahii,  Phillips,  1841. 
Pal.  foss.  pi.  6,  fig.  16. 

'  A.  d'Orbigny,  Prodrome  de  Paleontologie,  etc.  vol.  i.  p.  107,  Paris,  1849. 

'  This  date  in  not  correct,  because  though  d*Orbigny'a  manuscript  was  ready  for 
publication  in  the  year  1847,  as  he  states  in  the  preface,  yet  the  book  was  not 
published  until  184». 
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In  the  year  1850  Messrs.  Edwards  and  Haime^  mentioned  the 
genus  PhiUipaastraa ;  the  genus  Smithia  was  not  established  at  that 
date.  Their  diagnosis  of  FJiiUipsasiraa  contains  the  words  :  "  The 
centre  of  the  tabulsB  presenting  a  columellarian  tubercle."  As  the 
type  species  they  mention  Phillipaaatraa  Hennahii,  Lonsd.  (^=A8traa 
Henndhiiy  Lonsd.,  in  Geol.  Trans.,  2nd  ser.  vol.  v.  pi.  58,  fig.  3). 
This  is  of  importance,  as  in  the  following  year  this  very  species 
became  the  type  of  the  genus  Smithia. 

In  the  year  1851  Messrs.  Edwards  and  Haime  established  the 
genus  Smithia  : '  "  Smithies  Polypier  ayant  la  mume  structure  que 
les  Acervtdaria,  mais  manquant  de  murailles  exterieures  distinctes 
et  presentant  des  rayons  septo-costaux  plus  ou  moins  confluents," 
and  {he.  ciL  p.  421) :  "  Pas  de  coluraelle."  Type  species  :  Smithia 
Hermahii  {znAstraa  Hennahii^  Lonsd.),  the  same  species  which  in 
1851  was  the  type  of  Phillipsaatraa.  The  following  species  of 
Smithia  are  given :  Smithia  Hennahii,  Lonsd.,  Smithia  Pengellyi, 
E.  &  H.,  Smithia  Boloniensis,  E.  &  H.,  and  Smithia  Bowerbankiif 
£.  &  H. 

In  the  diagnosis  of  the  genus  Phillipsastraa  we  read  (Mon.  des 
Polyp.  Foss.  p.  173) :  **  Phillipsastraa.  Polypier  presentant  la 
m^me  structure  que  les  Smithia,  mais  ayant  une  columelle  styliforme," 
and  {loe.  cit.  p.  447) :  "  Les  Phillipsastrees  dififi^rent  des  Smithies 
par  la  presence  de  leur  columelle."  Type  species:  Phillipsastraa 
r<tdiata,  S.  Woodw.  The  following  additional  species  are  mentioned : 
PhUlipsastraa  Vemeuili,  E.  &  H.,  and  Phillipsaatraa  tuberosa,  M^Coy. 

In  the  diagnosis  of  the  type  species  Philiipsastraa  radiata  {he. 
cit.  p.  448)  we  read :  **  columelle  mince  et  comprimee,  en  general 
peu  distincte ;  "  the  figure  (Brit.  Foss.  Cor.  tab.  37,  fig.  2)  shows 
no  columella.  In  the  description  of  Philiipsastraa  tuberosa,  {he. 
cit.  p.  449)  Messrs.  Edwards  and  Haime  do  not  mention  any 
columella,  neither  does  M*Coy.'  Further,  the  figures  given  by 
M*Coy^  do  not  present,  either  in  the  transverse  section  or  on  the 
surface,  any  indication  of  a  columella.  In  the  diagnosis  of  Philiips- 
astraa Vemeuili  {he.  cit.  p.  448)  Messrs.  Edwards  and  Haime  say : 
''columelle  saillante";  the  figure  (Mon.  des  Polyp.  Foss.  tab.  x. 
fig.  5)  shows  the  same  clearly,  but  only  on  the  surface,  since  a 
transverse  section  is  not  given. 

Eunth'  has  already  explained  all  that  has  been  mentioned  so 
far.  He  has  also  given  {he.  dt.  p.  30,  and  tab.  i.  fig.  4)  an 
exact  description   of  Philiipsastraa  Sennahii,  Lonsd.   (  =  Smithia 

1  H.  Milne  Edwards  and  J.  Haime,  A  Monograph  of  the  British  Fossil  Corals, 
part  i.  Introdaction,  p.  Ixx.  Palseontographical  Society,  vol.  iii.  London,  1850. 

*  H.  Milne  Edwards  et  J.  Haime,  Monographie  des  Polypiers  Fossils  des  Terrains 
Paleozoi'ques,  etc.,  Archi?e9  du  Mos^am  d^Histoire  Naturelle,  tome  ▼.  p.  171, 
Paris,  1851. 

*  F.  M*Coy,  On  some  Genera  and  Species  of  PaUeozoic  Corals  and  Foraminifera, 
Ann.  Mag.  if  at.  Hist.  2nd  ser.  yoI.  iii.  p.  124,  London,  1849. 

*  A  Synopsis  of  the  Classification  of  the  British  Palicozoic  Rocks,  hy  A.  Sed^ick ; 
with  a  Systematic  Description  of  the  British  Palteozoic  Fossils  in  the  Geological 
Museum  of  the  UniTorsity,  Cambridge,  hy  F.  M*Coy,  pi.  3^,  fig.  8.  8a. 

*  A.  Kunth,  Beitrage  zur  Kenntniss  fossiler  Korallen,  Zeitschrift  der  Dcutschen 
geologischen  GresellBchaft,  toI.  zzii.  p.  30,  Berlin,  1870. 
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nennahii),  which  contains  many  valuable  remarks,  evpeoialfy'  h 
reference  to  the  microscopical  structure.  In  t^iis  species  the  ealjs 
shows  a  false  columella  (''oolumellarian  tubercle,"  as  he  lumsaf 
adds  in  |)aren thesis),  but  the  sections  show  no  colamella.  -Kuitti 
therefore,  doubts  the  correctness  of  making  the  presence  of  A 
columella  a  distinction  between  the  genera  PhilUpia$hwm  and 
Smith ia ;  moreover,  according  to  Messrs.  Edwards  and  flisimi 
Smithia  also  has  on  the  tabulso  a  columellarian  tobende^  and  h 
Smithia  Hennahii  and  Smithia  Bowerbanki  they  mention  "loks 
paliformes,"  such  as  might  produce  a  similar  structure  in  thecdyi 
to  that  shown  in  the  figure  of  Fhillipsasiraa  Vemeuili, 

Kunth,  therefore,  arrived  at  the  following  conclusion :  llierB  is 
no  generic  distinction  between  PhillipKasiraa  and  Smiikia  ao  fiff  ss 
the  presence  or  absence  of  a  columella  is  concerned ;  a  oolnmella 
might  perhaps  be  present  in  Phillipsasiraa  VemeuiU,  bnt  in  this 
case  it  would  have  to  be  shown  in  a  section.  Consequently  the  four 
species  separated  under  the  name  Smithia  by  Messrs.  Edwards  and 
Haime  must  be  referred  back  to  PhiUip8€LStr€Ba  and  the  nams 
Smithia  must  be  abandoned. 

In  the  year  1876  Rominger  ^  gave  a  description  of  PhiUipamdnrik 
Verneuili,  in  which  he  says :  **  The  centre  of  the  calyx  bottom'  is 
raised  into  a  columellar  knot,  and  in  vertical  sections  of  calcified 
specimens  a  central  string  of  greater  density  can  be  observed,  but 
it  is  not  a  solid  axal  column ;  in  some  species  no  indication  of  a 
columella  is  perceptible."  Thus  it  was  clearly  shown  in  a  section, 
that  the  only  species  about  which  doubt  still  existed — P&i7/tpf- 
aslrcp.a  Vernenili  —  did  not  possess  a  columella.  Therefore^ 
Rominger  also  united  the  genus  Smithia  with  PhillipBaBiraa,  In 
the  generic  diagnosis  of  PhiUipsastrcta  he  says  {he  eii.  p.  128): 
"  Tlie  longer  lamella}  unite  in  the  centre  and  form  a  paeado- 
columellar,  nodular  protuberance,  but  do  not  connect  into  a  con- 
tinuous vertical  axis." 

Since  this  time,  therefore,  Lindstrom,  G.  Ferd.  Romer,  v.  Zittrii 
and  others  have  united  the  genera. 

Mr.  James  Thomson,^  however,  who  in  1883  described  certain 
species  of  Phillipsaatraa  from  the  Carboniferous  rocks  of  Scotland, 
remarks  that  the  species  iu  question  possesses  a  columella.  Of 
Phillipsasiraa  radiaia  he  says  (/oc.  cit,  p.  395) :  "there  is  a  central 
compressed  prominent  columella  in  some  coralets,"  and  further,  "in  a 
longitudinal  section  the  tabula  [siV]  are  irregular;  some  are  rect- 
angular, but  the  great  proportion  are  bent  upwards  and  meet  in  the 
centre  and  form  a  more  or  less  discontinuous  columella.'*  His 
figures,  however  {loc,  cit,  pi.  iv.  fig.  1,  la,  lb),  show  no  columella, only 
in  one  single  coral  lite  (pi.  iv.  fig.  1)  four  septa  are  seen  to  mM, 
Neither  does  the   longitudinal   section  show  any    columella.     Of 
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P\iUip8a8traa  tuberoia  he  says  {loc.  cit  p.  396)  "the  oorallum  is 
mammillated,  and  there  is  a  stout  laterally-pressed  columella." 

It  is  evident  that,  if  Mr.  Thomson  were  correct  in  stating  that 
Pkillipsaatraa  radiata  and  Phillipsastraa  tuberoaa  really  possessed  a 
oolnmella,  then  the  union  of  PhiUipsaairaa  and  Smiihia,  as  proposed 
by  Kunth  and  accepted  by  subsequent  writers,  would  be  incorrect ; 
on  the  contrary,  both  genera  would  have  to  be  maintained  in  the 
sense  in  which  they  were  proposed  by  Messrs.  Edwards  and  Haime. 

It  therefore  appeared  to  me  desirable  to  re-examine  the  original 
specimens  of  M'Coy  and  of  Messrs.  Edwards  and  Haime,  which  are 
contained  in  the  Woodwardian  Museum  at  Cambridge,  as  also  the 
specimens  in  the  British  Museum  (Nat.  Hist.),  to  ascertain  whether 
they  possessed  a  columella  or  no.  Below  I  give  a  short  description 
of  the  specimens,  together  with  the  results  of  the  observations  I  was 
able  to  make. 

Phillipsastbaa  badiata,  S.  Woodw.  sp. 
{ntbipora  radiata,  S.  Woodw.,  Syn.  Table  of  Brit.  Organic  Bemains,  p.  5, 1830). 

Spec,  Char. — Corallum  massive,  composite,  forming  irregular 
broad  astraeiform  masses.  Distance  from  centre  to  centre  of  the 
oalices  from  6mm.  to  12mm.  Diameter  of  the  calicular  axial 
fossa  from  2mm.  to  dmm.  The  circumference  of  the  calicular  fossa 
raised  in  a  slightly  prominent  rim.  The  inclination  of  the  inner 
surface  of  this  calicular  fossa  almost  perpendicular.  Depth  of  the 
calicular  fossa  about  1mm.  Septa  thin,  22-30,  and  confluent 
with  those  of  the  neighbouring  oalices.  Septa  alternately  longer 
and  shorter ;  of  the  longer  septa  two  or  more  opposite  ones  meet 
and  thus  form  in  the  calicular  fossa  a  transverse  ridge,  which 
sometimes  is  joined  by  other  septa.  The  shorter  septa  reach  only  a 
very  short  way  into  the  calicular  fossa.  Vesicular  tissue  is  plenti- 
fully  developed  between  the  septa.  It  consists  of  hollow,  semi- 
cylindrical  vesicles,  the  concave  side  downwards,  axis  of  the  semi- 
cylinders  perpendicular  to  the  septa.  In  close  proximity  to  the 
calicular  fossa  the  vesicles  are  somewhat  smaller,  more  closely  set, 
and  the  concave  side  is  here  turned  downwards  and  outwards.  In 
the  inner  part  of  the  corallite  tabulae  are  developed ;  these  are  mostly 
horizontal,  still  they  occasionally  bend  upwards  in  the  middle  and 
thus  assume  the  form  of  an  obtuse  cone  with  its  apex  uppermost. 
Observations  and  Bemarks, — It  is  known  that  this  species  was 
reposed  by  Messrs.  Edwards  and  Haime  for  certain  Corals,  described 
y  M'Coy  partly  as  Sarcintda  placenta,  partly  as  Sarcintda  Phillipau 
The  specimens  in  the  Cambridge  Museum  were  the  type  specimens 
of  Edwards  and  Haime,  these  being  also  the  original  specimens  of 
M'Coy.  During  my  visit  to  Cambridge  I  had  the  opportunity  of 
studying  them.  They  agree  in  so  many  points  that  Edwards  and 
Haime  appear  to  have  had  very  good  ground  for  classing  them  as 
one  species.  The  specimen  described  and  figured  by  M'Coy  as 
Sarcintda  placenta  shows  somewhat  smaller  d\m^Ti%vycA  XIcaxl  s^^ 
which  he  deacribea  as  Sarcinula  PhUlipsi.  "MloT%ON«t,  's^Vwl  'W^'^ 
states  that  in  Sarcintda  pliieenta  the  tabxilsd  ai^  iXiOT^  Vq.xylssqNs^'i 
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whilst  those  in  Sarcinula  PhiUipii  are  oone-shaped  and  bent  npwardsi 
he  is  perfectly  correct  To  this  question  I  shall  recur  later  on,  but 
I  would  here  remark  that  no  distinction  of  species  can  be  baaed  on 
this  difference  of  tabulad,  since  the  two  speciea  are  conneoted  by 
individuals  showing  numerous  intermediate  gradations. 

Arrangement  of  the  septa. — As  already  mentioned  two  or  more 
opposite  septa  in  each  calyx  meet  and  form  a  kind  of  ridge,  whidi 
other  septa  join.  In  this  way  are  produced  configuratioiia  in  the 
calicular  fossa,  which,  it  must  he  admitted,  sometimes  doedy 
resemble  a  columella.  Tliis  resemblance  howeTer  is  merely  raper* 
ficial;  closer  observation  with  the  lens  shows  that  the  septa  only 
meet  On  p.  403,  Figs.  1-3  I  give  enlarged  figures  of  the  middle 
parts  of  some  corallites  from  one  of  the  type  specimena  of  PAtttipt- 
astraa  radtata,  E.  &  H.  (type  of  SarcintJa  PhilUpn^  M*Coy),  whidi 
I  was  able  to  pre|>are  at  the  Museum  in  Cambridge.  The  type 
specimen  of  McCoy's  Sarcinula  placenta  does  not  show  on  the  surface 
that  septa  join  inside  the  calicular  fossa ;  but  this  I  believe  is  only 
owing  to  the  imperfect  state  of  preservation.  There  are  however 
in  the  British  Museum  (Nat.  Hist),  as  also  in  the  Cambridge 
Museum,  other  specimens,  some  of  which  do  actually  show  oonfign- 
rations  which  appear  to  be  columellas.  But  this  is  not  always  the 
case,  as  I  have  already  pointed  out,  and  neither  the  figure  given  by 
Phillips,^  nor  that  given  by  M'Coy,'  to  which  Edwards  and  Haime 
refer  in  their  description  of  the  species,  nor  that  which  they  them- 
selves give,'  shows  a  columella.  Thomson's  fig.  1,  pi.  iv.  diowi 
only  in  one  single  corallite  a  junction  of  four  septa.  The  qnestioB, 
however,  whether  FhiUipaaBtraa  radtata  has  or  has  not  a  true 
columella  can  only  be  decided  by  sections.  The  only  three  sections, 
which  have  hitherto  been  figured  ^  show  nothing  conclusive.  New 
sections  were  prepared.  It  was  impossible  to  make  sections  of  the 
typical  specimens  in  the  Museum  at  Cambridge  without  destroying 
those  parts  figured  by  M'Coy.  Accordingly,  sections  of  unfigured 
specimens  in  the  British  Museum  and  in  my  own  collection  were 
prepared.  The  said  specimens  exactly  corresponded  in  all  essential 
characteristics  with  the  type  specimens.  In  consequence  of  this 
1  was  able  to  examine  four  horizontal  and  six  vertical  sections  of 
four  different  specimens  which  wera  found  in  the  Carboniferoas 
Limestone  at  Haford-y -Caleb  near  Corwen,  North  Wales,  and  in  the 
Avon  section,  near  Bristol. 

In  horizontal  section  the  calices  show  the  same  phenomenon  ai  il 
sometimes  observed,  although  not  so  clearly,  on  the  surface  of  the 
oorallum.  I  was  not  able  to  identify  in  the  specimens  before  me 
that  bilaterally-symmetrical  arrangement  of  the  septa,  which  ac- 
cording to  Kunth*s  researches  forms  so  distinctive  a  characteristic  of 

1  J.  PhillipB,  Palfcozoic  Foasils  of  Cornwall,  Devon  and  West  Smnenet,  pL  m 
fig.  16d,  London,  1841. 

*  M'Coy,  Brit.  Pal.  Fosb.  pi.  iii-B,  figs.  9,  9a,  9b. 

*  Milne  Edwards  and  J .  Havme,  "Btvl.  Yoaa,  Ciw .  'oiV.  %1  ^^.  ^. 

*  M'Coy,  Brit.  Pal.  Fosa.  p\.  ^b,  ^^,  ^a,  ^b,— iK..  'SA^vcc^^  wA  "i  .^^bcou^^'^cA^ 
Foaa,  Cor.  pi.  37,  fig.  2a.— 4 .  TYiomsoii,  loc.  eit.^\.\xA^.\A»* 
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the  Tetracorallia.  The  reason  of  this  may  be  that  the  anangement 
above  mentioned  is  shown  usuaUy  only  in  young  Oorals.  Kanth^ 
himself  oould  not  distinguish  the  bilaterally-symmetrieal  arrangement 
of  the  septa  in  the  genus  Phillipsastraa,  but  could  distinguish  it 
clearly  enough  in  the  closely -related  genus  Aeenmlaria.  Under 
these  circumstances  I  must  refrain  from  indulging  in  any  speonlation 
as  to  the  position  of  the  *'  HduptseptumV  the  "  Oegensepium  '*  and  the 
" Nebensepta"  and  confine  myself  solely  to  giving  a  description  of 
those  relations  which  I  really  observed. 

All  the  corallites  in  the  sections  show  two  kinds  of  septa ;  when 
regularly  and  normally  developed,  12  longer  septa  and  12  shorter 
alternating  seemed  to  be  the  number.  Such  regularity  in  the 
development  I  could  not,  however,  observe  in  every  case ;  in  most 
cases  more  than  24  septa  were  present,  and  here  and  there  two  of 
the  shorter  septa  came  between  two  of  the  longer,  and  often  some 
of  the  longer  septa  were  shortened  and  could  hardly  be  distinguished 
from  the  shorter.  The  sections  (see  PL  XII.  Figs.  3-7)  show  clearly 
that  in  most  cases  two  or  more  opposite  septa  unite  and  form  a  con- 
tinuous line,  which  traverses  the  whole  corallite.  In  the  central  part 
this  line  is  often  somewhat  thicker ;  it  is  in  some  cases  joined  by  othen 
of  the  longer  septa.  No  columella  is  seen  in  any  of  the  oorallites, 
either  in  the  horizontal  or  in  the  vertical  sections. 

The  vertical  section  of  two  neighbouring  corallites  of  the  best 
preserved  specimen,  PL  XII.  Fig.  4,  cuts  exactly  the  vertical  axis  of  the 
latter,  only  the  upper  part  of  the  section  (owing  to  an  accident  of 
growth)  is  slightly  excentric,  that  is  to  say,  intersects  the  imaginary 
axis  of  the  corallite  at  a  very  acute  angle.  Accordingly  the  upper 
part  of  the  figure  shows  the  section  of  two  neighbouring  septa,  but 
further  down,  where  the  section  runs  through  the  central  axis,  it 
intersects  the  point  where  two  neighbouring  septa  join,  and  the 
lower  part  of  the  figure  shows  but  one  septum  line ;  here  these  two 
septa  are  joined  together.  The  four  other  vertical  sections  which 
I  examined  agree  with  this  in  every  particular  of  importance — 
a  columella  is  nowhere  to  be  observed. 

Wall, — On  the  upper  surface  of  the  coral  no  wall  can  be  perceived, 
but  the  distal  ends  of  the  septa  of  the  neighbouring  corallites  appear 
to  run  into  one  another.  Nevertheless  some  indication  of  a  wall 
may  be  perceived  here  and  there  in  that  the  septa  in  some  places 
are  not  altogether  confluent,  but  the  line  of  apparent  junction  is 
broken,  and  so  suggests  the  place  where  a  wall  might  be.  Neither 
is  any  wall  perceptible  in  the  horizontal  sections  of  jPhillipsaatraa 
radiata.  When  moi'e  highly  magnified  however,  one  often  sees 
that  the  septa  of  neighbouring  corallites  are  not  really  oonfluent, 
but  that  they  overlap  each  other  and  are  separated  by  a  small  space. 
Sometimes  indeed,  but  very  rarely,  the  septa  do  run  together  in  a 
continuous  line. 

It  is  worthy  of  notice  that  a  so-called  interior  wall  unquestionably 
does   not  exist.      It   was  formerly  generally  supposed  that  in  all 

1  A.  Kunth,  Das  Wachsthumsgesetz  der  Zoantharia  ru^osa,  etc.,  Zeitschnft  der 
DeutBchea  geologischea  Cxe8eW&c\ial\.)  noV.  xi\.  ^.  ^^9^  Berlm.^  1869. 
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species  of  PhiUipsaairaa  the  proper  wall  was  wanting,  but  that 
an  interior  mured  investment  existed,  the  presence  of  which  was 
looked  upon  as  a  generic  character.  This  view,  however,  certainly 
does  not  hold  good  in  the  case  of  those  species  examined  by  me. 
Only  in  very  rare  cases,  in  single  corallites,  could  I  perceive  near 
the  outer  part  of  the  oentral  cavity  anything  that  would  suggest 
the  rudiments  of  a  wall  between  the  septa.  These  rudiments  show 
in  horizontal  sections  the  same  arrangement  as  the  vesicles,  but  differ 
from  the  latter  in  that  they  have  the  same  structure  as  the  septa. 
These  rudiments  of  an  interior  wall  are  only  of  very  limited  extent, 
they  comprise  at  the  most  only  one-eighth  of  the  circumference  of 
the  calicular  fossa,  and  are  besides  so  seldom  met  with,  that  they 
appear  to  be  unimportant  for  purposes  of  classification,  and  I  consider 
them  rather  as  abnormal  structure.  PI.  Xll.  Fig.  7  shows  a  corallite 
in  which  such  rudiments  occur.  In  the  same  way  Schliiter  and 
Barrois  have  disproved  the  existence  of  an  interior  wall  in  certain 
species  of  Acervtdaria. 

Endoihecal  aclerenehyma. — The  endothecal  sclerenchy ma  which  fills 
up  the  interseptal  loculi  consists  of  semicylindrical  vesicles  with  their 
concave  side  turned  downwards,  which  lie  above  one  another  in 
alternating  rows.  This  arrangement  is  substantially  the  same  as 
that  of  FhiUipsastraa  Hennahii,  the  internal  structure  of  which  has 
been  described  by  Kunth.  To  illustrate  the  structure  he  has  very 
aptly  likened  the  arrangement  of  the  vesicular  tissue  to  that  of 
«•  semicircular  drain-tiles."  The  figure  which  he  gives  {loc,  dt,  p.  33) 
will  also  faoilitate  the  comprehension  of  the  structure  of  PhiUipsaBtrati 
radiaia.  In  the  inner  part  of  the  calyx,  where  the  vesicles  surround 
the  oentral  cavity,  they  are  closer  and  more  perpendicularly  arranged, 
whilst  in  the  outer  parts  of  the  calyx  the  vesicles  are  coarser  and 
flatter  (PI.  XII.  Fig.  4).  It  is  nevertheless  difficult  to  see  whether  the 
different  forms  of  vesicles  really  represent  a  different  structure,  or 
whether  it  is  merely  due  to  the  difference  of  angle  at  which  the  section 
cuts  the  axis  of  the  semicylinder.  A  section  at  right  angles  to  this 
axis  would  give  the  first  appearance,  while  the  second  appearance 
would  be  produced  by  a  section  more  nearly  parallel  to  the  axis. 

The  vesicles  reach  as  far  as  the  septa,  but  do  not  extend  through 
or  into  them,  also  their  minute  structure  is  quite  different  from  that 
of  the  septa. 

TahuloB. — In  the  middle  part  of  each  corallite  tabulae  exist.  They 
extend  outwards  as  far  as  the  closer  and  more  perpendicularly 
arranged  vesicles,  and  continue  through  the  central  cavity  at  equal 
distances.  The  distances  between  the  single  tabulas  are  a  little 
greater  than  between  the  vesicles  in  the  endothecal  tissue.  They 
are  either  level,  or  are  slightly  bent  upwards  in  the  middle,  and  so 
take  the  form  of  an  obtuse  hollow  cone,  with  its  apex  uppermost. 

Both  kinds  of  tabulae  are  oonnected  by  gradations,  and  occasion- 
ally both  horizontal  and  cone-shaped  tabulae  may  be  observed  in  the 
same  specimen.  If  a  horizontal  section  is  made  of  a  cone-shaped 
tabula,  we  see  only  a  circle  inside  the  central  cavity  as  on  PI.  XII. 
Pig.  6. 
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The  Bpaoe  whioh  in  the  living  animal  would  exist  between  the 
tabulss  and  the  Teeiolea  in  the  interaeptal  looali,  beeomea  filled 
up  by  a  stony  matrix  in  the  prooesa  of  foaailization.  In  weatheriiig 
this  stony  mass  oflfers  less  resistance  than  either  septa,  tabals  ov 
endotheoal  sclerenchyma.  Acoordingly  the  appearance  whioh  the 
oorallum  presents  after  the  surface  has  been  weathered  dependi 
largely  on  the  original  structures. 

Where  the  tabulie  are  conioal  and  bent  upwards,  the  weathered 
surface  appears  mammillated,  whilst  the  surface  is  almost  flat  where 
the  tabulae  are  more  horizontal.  Since  gradations  exist  between  the 
different  kinds  of  tabulse,  we  must  expect  to  find  on  the  suiftoe 
of  weathered  specimens  all  varieties  between  smooth  and  mam* 
millated  calyces.  It  seems  to  me  impossible  to  ocmsider  the 
specimens  with  a  mammillated  calyx  as  of  a  distinct  species  from 
those  with  a  flat  calyx.  On  PL  XII.  Figs.  1  and  2  I  give  an  illus- 
tration of  two  specimens,  of  which  one,  Fig.  1,  shows  a  smooth 
surface,  whilst  the  other,  Fig.  2,  appears  somewhat  mammillated ;  hut 
in  other  parts  of  the  same  specimen  the  surface  of  the  calyces  appeals 
smoother.  The  bearing  of  this  fact  on  the  specific  distinction 
between  Fhillipaastraa  iuheroaa  and  PhiUipiostraa  radiata  is  obvioos. 

Minute  atruciyre  of  the  $eptaf  the  veiidee,  and  the  ta&u/if. — ^Tbe 
state  of  preservation  of  the  specimens  examined  by  me  was  very 
favourable,  and  allowed  me  also  to  study  the  minuter  details  in  tlM 
sections. 

The  septa  are  formed  of  bundles  of  caloite  fibres,  which  lie  on 
either  side  of  the  median  plane  of  the  septum.  From  this  starting 
point  on  this  plane  each  fibre  passes  upwards  and  outwards  in  the 
direction  of  the  proximal  end  of  the  septum.  Thus  a  feather-like 
structure  is  brought  about  in  the  sections,  which  reminds  one  of 
that  which  Pratz^  has  described  and  figured  for  ThamnaBiraa, 
PI.  XII.  Fig.  8,  shows  this  structure  in  horizontal  section,  whilst  in 
PL  XII.  Fig.  9,  may  be  seen  the  same  in  vertical  section.  Examined 
by  polarized  light,  with  crossed  Nicols,  the  single  calcite  fibre  shows 
straight  extinction,  that  is  to  say,  becomes  dark  when  by  the  turning 
of  the  stage  the  fibre  is  parallel  to  the  principal  section  of  each  Nicol. 
Hence  it  arises  that  each  single  calcite  fibre  is  a  crystallographic 
individuaL  The  vesicles  and  tabulae  differ  from  the  septa,  but 
resemble  one  another  in  histological  structure.  This  proves  that 
in  the  living  animal  the  vesicles  and  tabulae  were  produced  in  the 
same  manner.  When  viewed  with  a  higher  power  they  do  not 
become  transparent,  but  always  remain  opaque.  Under  a  still 
higher  power  they  occasionally  appear  separated  into  heapa  of  fine 
granules. 

The  difference  of  structure  between  the  septa  on  the  one  hand,  and 
the  vesicles  and  tabulae  on  the  other,  arises  chiefly  through  their 
having  originated  in  a  different  manner  in  the  living  animal.  If  we 
consider  that  as  the  living  animal  grows  upwards  it  secretes  the 

^  £.  Pratz,  Ueher  die  Yerwandtschaftlichen  Beziehun^n  einiger  Korallea- 
gattun^ea  mit  hauptsachVicYisteT  VSemc\u\fiV^<^\i^  "^t^x  ^^\a^\x<^^nx«  Paleoa- 
tographica,  voL  xxix.  p.  SV,  pV.  ^i^.  ^S-  '^'^^  ^'^^^'^^  \^'^^-V^'^^i. 
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tulmln  and  yesioles  beneath  itself,  we  shall  see  that  the  latter 
Btniotare  mast  have  the  same  histological  origin  as  the  sclerobasis  ; 
that  is  to  say,  it  is  the  secretion  of  that  part  of  the  ectoderm  which 
invested  the  deepest  parts  of  the  calicular  fossa.  In  the  tabulad 
and  vesicles  then  the  calcification  oonld  only  take  place  from  below 
upwards;  the  septa,  on  the  contrary,  were  arched  over  by  the 
eotoderm,  and  the  calcification  could  continue  both  upwards  and  on 
either  side. 

Phillips ASTRJB A  tubbbosa,  M'Coy  sp. 

{Saremuia  iubtrota,  M*Coj,  Ann.  Mag.  Nat.  Hist  2nd  leriea,  vol.  iii.  p.  124,  1849). 

Spec.  Char, — Corallum  massive,  composite,  astneiform.  The 
upper  surface  covered  with  irregular  tuberose  projections,  separated 
by  flat  or  concave  spaces.  CoralHtes  very  irregularly  arranged. 
Distance  from  centre  to  centre  of  the  calicos  5  mm.  to  15  mm. 
Oircumfereuoe  of  calicular  fossa  prominent ;  consequently  the 
upper  surface  looks  mammillated.  Diameter  of  calicular  fossa 
2^  ram.  to  4  mm.  Depth  of  calicular  fossa  1  mm.  Septa  very  thin, 
about  32,  oonflaent  with  those  of  the  neighbouring  calices.  Septa 
idtemately  longer  and  shorter,  the  shorter  ones  reaching  only  a  very 
short  way  into  the  calicular  fossa.  In  many  corallites  some  of  the 
longer  opposite  septa  join,  and  thus  occasionally  produce  the  ap- 
pearance of  a  stout,  laterally  compressed  columella  (false  columella). 
Vesicular  tissue,  closely  resembling  that  of  Phillipaaatraa  radiata,  is 
developed  between  the  septa.  The  tabulsB  are  cone-shaped,  and 
bent  upwards  in  the  middle  part. 

Obaervationa  and  Remarks. — This  species  was  founded  by  M'Coy,^ 
for  a  specimen  from  the  Carboniferous  Limestone  of  Derbyshire, 
which  is  now  in  the  Woodwardian  Museum,  Cambridge.  He  called 
it  Sarcinula  tuberosa,  Messrs.  Edwards  and  Haime  afterwards 
accepted  the  species  as  PkillipscLstraa  tuberoaa,*  though  not  without 
some  hesitation.  They  write  thus  (loe.  eit,)  :  "Cette  esp^ce  ne 
diff&re  peut-ltre  pas  de  la  Ph.  radtata.'*  I  had  an  opportunity  of 
studying  the  original  specimen  of  M*Coy  and  Edwards  and  Haime 
in  the  Museum  at  Cambridge.  A  comparison  of  this  specimen  with 
the  type  specimen  of  Sarcinula  placeniat  M'Coy,  certainly  discloses 
such  striking  differences  that  a  separation  into  two  species  appears 
to  be  well  founded.  Less  noticeable  is  the  difference  between  the 
type-specimens  of  Sarcinula  PhilUpai,  M'Coy,  and  Sareintda  tuberosa, 
M*Coy.  Besides  the  original  specimens  of  Ph.  radiata,  there  are 
others  both  in  the  Woodwardian  Museum  and  in  the  British  Museum, 
the  surface  of  which  is  more  or  less  mammillated,  so  that,  although 
they  belong  to  Ph.  radiata,  they  nearly  approach  to  Ph.  tuberosa. 
Messrs.  Edwards  and  Haime  appear,  therefore,  to  be  justified  in 
expressing  a  doubt  as  to  the  validity  of  Ph.  tubfrOBa.  Further  it 
is  remarkable  that  amongst  all  the  numerous  specimens  which  I 

^  M*Coy,  On  some  New  Qeneraand  Species  of  Palasozoic  Corals  and  Foraminifera, 
Ann.  Mag.  Nat.  Hist.  2nd  ser.  vol.  iii j>.  124,  London^  1849. 
»  MiJjie  JSdwardB  and  J.  Haime,  Fol  Fobs,  des  Terr.  PaUox.  ^.  ^^^,  ^^^s^ 
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examined  in  the  Hoaeuin  at  Cambridge,  in  the  British  Mnseam  and 
in  my  private  oollection,  there  was  not  a  single  one  which  ooald  be 
classed  as  FhUUpsastraa  tuberosa,  except  the  single  specimen  which 
formed  the  type  of  McCoy's  Sarcinvla  tuberosa. 

This  specimen  is  not  very  well  preserved.  It  is  much  weathered 
and  traversed  by  several  fissures,  which  have  been  again  closed  by 
infiltration.  Since  it  had  been  figured  in  Brit  Palsaoz.  Fossils,  pi 
36,  fig.  8  and  8a,  the  preparation  of  sections  was  impossible  with- 
out destroying  some  of  the  figured  parts.  I  was  therefore  obliged 
to  confine  myself  to  the  study  of  those  parts  which  may  be  seen  on 
the  surface.  The  arrangement  of  the  septa  is  exactly  the  same  as  in 
Fh.  radiata.  Here  also  the  opposite  septa  occasionally  join  and  form 
a  continuous  line  through  the  calicular  fossa.  Other  of  the  longer 
septa  join  them  also.  On  p.  403,  Fig.  4-6,  are  diagrams  of  oorallites 
prepared  from  the  type  specimen  at  Cambridge. 

McCoy's  figure  is  not  quite  exact  and  does  not  faithfully  represent 
the  course  of  the  tabulce.  The  arrangement  of  the  vesicles  is  essentially 
the  same  as  in  Fh.  radiata,  the  tabulce  are  cone-shaped,  or  bent  upwards 
in  the  middle  part  of  the  central  cavity.  Altogether  they  present  the 
same  appearance  which  is  occasionally  presented  by  Fh.  radinta.  If 
Fh.  tuberosa  be  really  a  separate  species  of  Fh.  radiata,  the  differencea 
are  certainly  extremely  small.  But  unless  a  further  specimen  be 
found,  which  may  undoubtedly  be  classed  with  the  type-specimen 
I  think  we  should  be  right  in  referring  it  to  Fh,  radiata  and  looking 
upon  it  only  as  a  variety,  or  as  the  extreme  stage  in  the  development 
of  mammillated  corallites,  the  tabulee  of  which  are  cone-shaped  and 
bent  upwards. 

Concluding  Remarks. — I  have  endeavoured  to  prove  in  my  in- 
vestigations that  the  two  species  FhUUpsastraa  radiata  and  Fhtllipt" 
astraa  tuberosa,  in  which  a  columella  was  supposed  to  be  present, 
do  not  possess  one.  Consequently  there  is  no  important  di£ferenoe 
between  the  genera  Smithia  and  FhUUpsastraa,  and  we  must,  ac- 
cording to  Kunth,  unite  the  genus  Smithia  with  the  prior  genos 
PhiUipsastraa. 

Lastly,  some  general  remarks  on  the  relationship  of  the  genas 
PhiUipsastraa.  The  genus  PhiUipsastraa  is  on  the  one  hand  closely 
related  to  AcerviUaria.  Frech^  declared  both  genera  to  be  so  closely 
related  and  the  differences  so  slight  that  he  proposed  to  unite  them 
under  the  name  PhiUipsastraa ;  this  proposition,  however,  has  not 
been  accepted  by  Steinmann,  Neumayr  and  Barrois  in  their  mo§t 
recent  publications.  On  the  other  hand,  frequent  mention  is  made 
of  relationship  between  PhiUipsastraa  and  HeUophyUum.  This 
relationship  is  assumed  chiefly  from  the  fact  that  in  certain  species 
of  PhiUipsastraa  the  septa  are  crossed  by  conspicuous  cross-bars 
or  denticulations,  just  as  in  HfUophyUum.  The  same  phenomenon 
has  also  been  observed  in  different  species  of  Acervidaria,  Oar 
knowledge  of  the  internal  structure  of  the  different  species  of 
PhiUipsastraa  and  HeUophyUum  is,  however,  not  sufficient  to  allow 

'  F,  Freeh,  KoraUeniauna  dea  0>a«t^waii.  \i\.  \i«Q\aj2^^3MA>  ZRo^tacbrift  der 
deutschen  geol.  GesellBchait,  vo\.  xxm.  ^.  \\,  ^etSii^.,  V^'^b. 
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of  a  decided  and  oonclusive  opinion  as  to  the  degree  of  relationship 
between  the  two.  Deeper  investigations  are  needed,  and  for  snob  I 
ha^e  not  at  present  sufficient  material,  especially  of  Heliophijllum. 
I  must  oonfine  myself  to  stating  that  I  obHorved  the  same  structure 
as  in  Heliophyllum  in  PhUHpsasiraa  Hennahii,  Lonsd.,  Ph.  PengeUyi, 
E.  &  H.,  PA.  Ferficitt7tf,  E.  &  H.»  and  PA.  gigaB,  D.  Owen,  but  I  did 
not  observe  the  same  structure  in  Ph,  radiata,  S.  Woodw.,  and  Ph. 
tuberosa,  M'Ooy. 

EXPLANATION  OF  FULL-PAGE  WOODCUT  (p.  403). 

Enlarged  figures  showing  the  outline  of  the  calioes  and  the  arrangement  and  the 
union  of  the  septa.  Taken  from  the  type  specimens  of  M'Coy  in  the  Wood- 
wardian  Museum  of  Cambridge. 

Fio.  1,  2,  8.     PhUtipiottraa  radiata,  S.  Woodw. sp.  {  =  Sareinula  PhilHpn,  M'Coy). 

Fio.  4y  5,  6.    FAiUiptattraa  tuberota,  ITCoy,  sp.  [^SaretMtla  tuberosa,  M*Coy). 

EXPLANATION  OF  PLATE  XII. 
Philliptiutraa  radiaU^  8.  Woodward  sp.    Carboniferous  Limestone. 

Fio.  1.  Specimen  from  Haford-y-Calch,  near  Corwen,  North  Wales.  Brit.  Mus. 
[R  647].    Natural  size. 

Fio.  2.  Specimen  from  Avon  Section,  near  Bristol.  Brit  Mus.  [6B740].  Calices 
more  mammillated,  approaching  Ph.  tuberosat  M'Coy.  On  other  parts 
of  the  same  specimen  tne  surface  is  smoother.     Natural  size. 

Fio.  3.  Horizontal  section  of  Bi>ecimen,  Brit.  Mus.  [R  647]*  showing  the  arrange* 
ment  of  septa  and  vesicles.    Enlarged  about  6^  times. 

Fio.  4.  Vertical  section  of  specimen,  Brit.  Mus.  [R  647].  The  lower  part  of  the 
section  shows  the  union  of  the  septa  in  the  central  axes  of  the  calices. 
The  arrangement  of  tabulsB  and  yesicles  is  also  shown.  Enlarged  about 
8  times. 

Fio.  6.  Vertical  section  of  specimen,  Brit.  Mus.  [66740],  showing  the  cone-shaped 
variety  of  the  tabulse.  In  other  parts  of  the  same  specimen  the  tabulss 
are  more  horizontal    Enlarged  about  7  times. 

Fio.  6.  Specimen  from  Avon  Section,  near  Bristol.  (My  collection.)  Horizontal 
section  across  a  corallite  with  cone-shaped  tabulse,  represented  as  rings 
in  the  middle  part  of  the  corallite.    Enlarged  about  6  times. 

Fio.  7.  Specimen  from  Haford-y- Caleb,  near  Corwen,  North  Wales.  (My  col- 
lection.) Horizontal  section  showing  in  the  upper  corallite  the  rudi- 
ments of  a  wall,  which  are  drawn  more  faintly  than  the  similarly-shuped 
vesicles.     Enlarged  about  4^  times. 

Fio.  8.  Horizontal  section  of  specimen,  Brit.  Mus.  [R  647],  shovring  the  minute 
structure  of  the  septa  and  vesicles.    Enlarged  about  60  times. 

Fio.  9.  Vertical  section  of  specimen,  Brit  Mus.  [R  647],  showing  the  minute 
structure  of  the  septa  and  tabulse.     Enlarged  about  60  times. 


VII. — Note  on  the  I^ean  Eats  op  Subaerial  Denudatiok. 

By  Chableb  Davison,  M.A., 
Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

IN  his  memoir  on  **  Modern  Denudation,"  *  Dr.  A.  Geikie  determined 
approximately  the  number  of  years  required  by  the  following 
seven  rivers  to  lower  the  general  surface  of  their  basins  by  one  foot. 
He  found  that  the  Danube  would  take  6846  years,  the  Mississippi 
6000,  the  Nith  4723,  the  Upper  Ganges  2358,  the  Rhone  1528.  the 

^  The  above-mentioned  structure  is  very  well  shown  in  a  specimen^  lent  me  by 
Dr.  Hinde,  lor  which  kindness  i  owe  him  my  best  l\ittTiV&. 
«  Glasgow  GeoL  Soc.  Trans.,  toI.  iii.  p.  164. 
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Hoang  Ho  1464,  «nd  the  Po  729,  years.  The  average  of  theae  figoret 
is  3378,  and  "  this/'  aaya  Dr.  CroU,  in  his  recent  intereatiiig  work 
on  "Stellar  Evolation*'  (p.  41),  "givea  a  mean  of  8878  yean  to 
remove  one  foot,  or  a  little  over  one-half  the  time  taken  by  the 
MiBsisaippi."  Ab  the  mean  rate  of  subaerial  denudation  is  an 
important  element  in  physical  geology,  it  may  be  worth  while  to 
point  oat  a  slight  mistime  in  this  determination  of  its  valne,  and  also 
to  show  how  a  more  correct  estimate  may,  with  oor  present  data, 
be  obtained. 

In  the  first  place,  let  us,  as  in  the  above  method,  consider  these 
river-basins  of  equal  area  for  the  purpose  of  ascertaining  the  mean 
rate  of  denudation.  Then,  in  one  year,  a  layer  Wtr  of  a  foot  thiok 
is,  on  an  average,  worn  away  from  the  surface  of  the  Danube  basin, 
a  layer  ^^j^  of  a  foot  thick  from  that  of  the  Mississippi,  and  so  on. 
The  mean  thickness  of  the  layers  is  the  average  of  the  seven  fractions 
TiVff*  BTjHriy.  etc.,  I.e.  tAt  of  a  foot.  This,  and  not  the  average  of 
the  denominators  of  these  fractions,  gives  the  mean  rate  of  denudatioii 
on  the  above  understanding :  so  that  a  layer  one  foot  thick  woold 
be  worn  away  from  the  general  surface  of  the  average  river-basia 
in  1912,  instead  of  in  3378,  years.  Or,  if  we  take  the  area  of  the 
Upper  Ganges  basin  at  Dr.  Haugb ton's  estimate^  of  143,000,  in 
place  of  432,480,  square  miles,  the  mean  rate  of  denudation  would 
be  one  foot  in  1572,  instead  of  in  3159,  years. 

But,  in  considering  the  river-basins  as  of  equal  size,  undue 
importance  is  being  given  to  such  comparatively  small  rivers  as 
the  Rhone,  the  Nith,  and  the  Po.  In  determining  the  mean  rate 
of  denudation,  the  area  of  each  river-basin  must  evidently  be  taken 
into  account,  and  this  may  be  done  as  follows.  The  total  volume 
of  sediment  brought  down  by  these  seven  rivers  every  year  is 
34,712,610,040  cubic  feet  If,  as  Dr.  Oeikie  estimates,  25  cubic  feet 
of  sediment  are  derived  from  19  cubic  feet  of  rock,' this  is  equivalent 
to  the  removal  of  26,380,817,398  cubic  feet  of  rock ;  which  may  be 
regarded  as  taken  from  the  surface  of  one  river- basin  equal  in  area 
to  the  sura  of  the  areas  of  the  above  seven  basins,  t.e.  to  2,279,400 
square  miles,  or  to  63,546,024,960,000  square  feet.  From  these 
figures  we  find  that  the  mean  rate  of  subaerial  denudation  is  equal 
to  one  foot  every  2409  years,  i.e,  about  two-fifths  of  the  rate  of 
denudation  in  the  Mississippi  basin. 

Dr.  Croll  points  out  (p.  43)  that  the  Rhone,  the  Ganges  and  the 
Po  are  charged  with  mud  from  the  Alps  or  Himalayas ;  and,  for  this 
and  other  reasons,  he  makes  use  in  his  work  of  the  rate  of  denuda- 
tion in  the  Mississippi  valley  only.  But  while  the  rates  of  denuda- 
tion in  the  above  cases  are  among  the  most  rapid,  these  rivers  have 
at  the  same  time  (with  the  exception  of  the  Nith,  which  hardly 
a£fects  the  average)  the  smallest  basins;    while  the  Danube,  the 

>  A,  Oeikie,  Text  Book  of  Geology,  p.  444,  footnote.  This  yalue  is  used  in  the 
estimate  that  follows. 

'  Beckoning  the  specific  gravity  of  t\ie  «\\t  at  1*9  and  that  of  rock  at  2*5.    Thif 

teads  to  diminish  the  estimate  ol  t\ie  meaa  xaXfc  oi  ^«?ci\)L^^^\i^  Vsx  ^fia^  tM&s&s^ 

deposited  at  the  mouth  of  a  riyet  \ft  ^^Vj  dftTvs«A.UOTiVJasi  ^rasvsi^^V  «»?^Y^«i^ 
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»i  and  the  Hoang  Ho,  with  less  rapid  rates  of  denndation, 

have  the  largest  basins.     The  following  table  ahows  that  it  is  the 

Mississippi,  with  its  vast  length  and  comparatively  slight  fall,  that 

weighs  exoessively  in  the  estimate  of  the  average,  rather  than  the 

Ganges  or  the  Khone  or  the  Po. 

Mean  rate  of  denndatioii, 
omittmg  the : 
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It  thus  appears  that  the  rapid  rates  of  denudation  by  the  glacial 
rivers  are  to  a  great  extent  neutralised  by  the  small  ness  of  their 
basins.  And,  as  such  rivers  ought  not  to  be  left  out  of  account,  it 
seems  possible  that  the  mean  rate  of  subaerial  denudation  for  the 
whole  land-surfaoe  of  the  earth  may  not  differ  very  greatly  from 
that  obtained  above,  namely,  one  foot  in  about  2400  years. 


VIII. ^NOTBS  ON  THE  LoWEB   PaLJBOZOIO   HoOKS  OP  THE  FiCHTELOE- 

BIBOE,  FbANKENWALD,  AND  ThUBINOEBWALD. 

Bj  J.  £.  Mabb,  M.A.,  Sec.  Q.8., 
St.  John's  College,  Cambridge. 

DURING  the  summer  I  visited  Hof  with  Professor  Nicholson, 
mainly  in  order  to  examine  the  Graptolite-bearing  shales  of 
the  surrounding  region.  These  we  found  to  be  far  from  rich  in 
fossils,  and  the  principal  fossil-bearing  localities  were  remote  from 
one  another.  Under  such  circumstances  little  could  have  been 
accomplished,  but  for  the  kindness  of  Herr  Glass,  of  Hof,  who 
allowed  us  to  examine  his  fine  collection  of  fossils  ft'om  the  district. 
To  him  I  would  tender  my  best  thanks,  as  also  to  Prof.  Geinitz,  who 
not  only  permitted  me  to  examine  his  rich  collection  of  Graptolites 
from  the  Thilringerwald  preserved  in  the  Dresden  Museum,  but  also 
devoted  some  of  his  valuable  time  to  me. 

For.  a  fnll  account  of  the  Lower  Palsdozoic  rocks  of  the  region 
under  consideration,  I  may  refer  to  Prof.  Gumbel's  exhaustive 
"G^gnostiche  Besohreibung  des  Fichtelgebirges  mit  dem  Franken- 
walde  nnd  dem  Westlichen  Vorlande."  In  that  work  the  strata  are 
grouped  as  under : — 

Silwian, 
Tentacnliten-EnoUenkalk. 
Upper  Graptolite  Shales. 
Ockerkalk. 

Lower  Graptolite  Shales. 
Lower  Silmian  with  Leimitz -shales,  etc. 

Cambrian. 
Upper :   Phycodenschichten. 
Lower ;   Green-grey  Clay  S\a\fta. 
As  Hof  lies  at  no  great  distance  from  ttie  'B^eroX^xi^  ^^%\\i^  \H. 
might  be   expected  tW  there   would  be   oousviftt^JcAft  woi^^^^ 
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between  the  beda  of  the  two  areas,  and  in  some  respects  this  is  the 
case,  thoogh  the  marked  differences  induced  Barrande  to  infer  the 
existence  of  a  barrier  l>etween  the  two  areas  in  Lower  Palasozoio 
times.  The  differences  may  be  accounted  for  in  other  ways ;  firstly, 
by  the  absence  of  some  be<]s  in  Bohemia  owing  to  unoonformable 
overlap,  and  in  Bavaria  owing  to  faults,  and  secondly  by  the  gpneater 
metamorphism  of  the  Bavarian  rooks.  The  effects  of  the  latter  have 
been  described  by  Prof.  Gumbel ;  the  Cambrian  beds  are  freqnenily 
converted  into  schists,  the  Ordovician  into  phyllites,  and  the  Silarian 
into  lydites,  whilst  the  associated  igneous  rooks  have  also*  suffered 
'  much  change,  indeed  the  Fichtelgebirge  furnish  us  with  an  admirable 
instance  of  later  rocks  having  undergone  regional  metamorphism, 
and  being  infolded  amongst  other  rocks  which  have  been  nniversally 
assigned  to  the  Archaean. 

Commencing  with  the  Cambrian  Bocks,  the  only  fossils  found  in 
them  are  of  very  doubtful  position,  amongst  these  is  Phfcodet 
circinatum,  which  characterises  the  Phycodenschichten.  The  rocks 
are  various  coloured  clay  slates,  and  grey  wackes,  sometimes  converted 
into  schists,  as  at  Lamitzmiihle,  north-west  of  Hof,  where  the 
development  of  the  schistose  structure  is  admirably  exhibited.  Bed 
beds  are  seen  between  Hof  and  Leimitz,  and  like  similar  Bohemian 
beds  are  possibly  very  low  in  the  Cambrian  system. 

In  the  typical  section  at  Leimitz  the  above-described  beds  aie 
separated  fix)m  the  trilobitic  shales  of  Leimitz  by  a  dolomitic  lime- 
stone; this  is  very  possibly  developed  along  a  fault-plane,  and 
would  account  for  the  apparent  absence  of  the  representatives  of 
the  Menevian  and  Lingula  Flag  series.  The  country  here  is  so 
extremely  faulted  that  rocks  of  very  different  ages  are  brought  into 
juxtaposition.  Not  only  are  all  the  beds  in  the  Leimitz  section 
reversed,  as  shown  in  Murchison*s  section  from  the  Labyrinthen- 
berg  to  the  Wartthurm  (Q.  J.  G.  S.  1863,  p.  360);  but  it  can  be 
shown  that  in  several  places  beds  are  faulted  out,  and  the  failure  to 
discover  Menevian  and  Lingula  Flag  fossils  must  not  be  taken  as 
an  indication  of  the  original  absence  here  of  beds  of  these  ages. 

The  next  beds  to  notice,  in  ascending  order,  are  the  Leimitz- 
schichten,  though  there  is  no  necessity  to  linger  over  these,  as  not 
only  has  Barrande  fully  described  the  fauna  ('*  Faune  silurienne  des 
Environs  de  Hof  enBaviere,"  1868),  but  Prof.  Brogger  has  shown  their 
close  relationship  with  the  Ceratopyge  beds  of  Scandinavia,  and  the 
Shineton  Shales  of  Shropshire  (''  Die  silurischen  Etagen  2  und  3"). 

In  the  Leuchtholz,  near  Lamitzmiihle,  is  a  gritty  pisolitic  iron- 
stone, containing  an  Orthis  compared  by  Dr.  Giiinbel  with  Ort\M 
LindsircBmi,  Linnrs.,  whilst  the  rock  containing  it  is  referred  to  as 
possibly  comparable  with  the  Primordial  beds.      Concerning  this 
deposit   I   would  say  something  further.      It  occurs  between  the 
schistose  Cambrian  rocks  of  Lamitzmiihle,  and  black  phyllites  and 
grey  gritty  shales  near  the  village  of  Isaar.     The  latter  are  coloured 
in  Dr.  GumbeFs  map  with  the  Ordovician  (Lower  Silurian)  colonr, 
and  though  much  altered  l\ie^  \>e«k.x  ^oxi^v^ev^XJ^^  xfc^ea^Wvscw^  to  the 
beda  of  Barrande's  etage  "D.    '^on'i,  tv^^t  >iXi^\i«*ft  Q!l\^/\\i.^^«^M*. 
are  found  the  piBoliUo  itoiiB\x)nea,I>  ^\  t^,  ^^\k«>:\x^%  Ot\Vv%  ^f«^ 
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rnto,  Barr.,  seen  at  Eraa'na  Hora  and  elsewhere,  and  actually  com- 

rred  by  Dr.  Gtimbel  with  the  Leuohtholz  ironstone.  The  latter 
was  unable  to  find  in  situ,  but  Herr  Glass  kindly  presented  me 
with  specimens,  and  the  Orthis,  though  badly  preserved,  is  very 
near  to,  if  not  identical  with  Orthis  desiderata^  with  which  I  have 
compared  it  The  reasons  for  the  identity  of  the  Bavarian  and 
Bohemian  deposits  are  similarity  of  lithological  characters,  close 
resemblance  between  the  Orthides  of  the  two,  and  the  occurrence 
of  both  between  Cambrian  and  Ordovician  deposits. 

In  a  paper  read  before  the  Geological  Society  (Q.  J.  G.  S.  1880) 
I  correlated  the  beds  D  d  1  /3  with  Tremadoc  beds,  on  account  of 
their  resemblance  to  the  pisolitic  ironstones  of  North  Wales,  their 
occurrence  above  sandstones  full  of  Lingula  FeistmanteH,  and  the 
existence  of  Harpides  Orimmi  in  them.  I  believe,  notwithstanding 
the  occurrence  of  the  latter  fossil,  that  the  reference  was  erroneous. 

The  Tremadoc  age  of  the  Welsh  pisolitic  ironstones  has  not  been 
proved,  indeed  evidence  has  been  published  which  indicates  that 
they  are  much  more  modem.  With  regard  to  the  occurrence  of 
Lingula  Feistmanteli  in  D  d  1  a,  this  fossil  has  no  relationship  with 
any  of  the  Lingula  Flag  fossils,  but  it  is  very  near  to  the  remarkable 
Lingula  Boualti  of  the  Armorican  grits.  Furthermore,  the  fauna  of 
D  d  1  7  is  not  a  Lower  but  an  Upper  Arenig  one,  and  the  beds  of 
this  band  immediately  and  conformably  succeed  those  of  D  d  1  /3. 
I  am  inclined  therefore  to  refer  the  latter,  and  with  it  possibly  the 
Leuohtholz  deposit  to  a  position  high  up  in  the  Arenig  series,  and 
believe  that  the  beds  unconformably  overlap  the  Cambrian  rocks, 
thus  accounting  for  the  absence  of  Lower  Arenigs  in  Bohemia  and 
Bavaria,  of  Tremadocs  and  Lingula  Flags  in  the  former  country,  and 
of  Menevians  around  a  great  part  of  the  Bohemian  basin. 

We  visited  Hof,  partly  in  hopes  of  detecting  Graptolites  of  Hartfell 
and  Glenkiln  types  in  the  Ordovician  rocks;  in  this  we  were 
disappointed,  nor  did  we  find  any  trace  of  such  fossils  in  Herr 
Glass's  collection  or  in  that  of  the  Dresden  Museum.  I  believe 
however  that  there  are  black  shales  of  Ordovician  age  which  have 
once  contained  Graptolites  (e.g,  the  phyllites  near  Isaar)  but  with 
rocks  so  greatly  altered,  it  is  too  much  to  expect  their  preservation. 

Though  rocks  of  the  higher  Ordovicians  do  probably  occur  in 
many  places,  they  are  elsewhere  faulted  out,  as  for  instance  at 
Leimitz,  where  the  Lower  Graptolite  Shales  are  directly  in  contact 
with  the  Leimitz  trilobitic  shales.  The  former  are  here  converted 
into  lydite,  but  a  few  obscure  graptolites  were  seen  by  us.  Clinaco- 
graptus  normalis  was  found  here  by  Herr  Glass,  and  the  beds  are 
undoubtedly  the  equivalents  of  our  Stockdale  Shales.  In  most  of 
the  localities  near  Hof  these  shales  are  now  covered  up,  but  in  the 
Dresden  Museum  is  preserved  a  slab  from  Teufelsberg  with  Petalo- 
grapiuB  palmeus  and  Monograptua  Hiaingeri,  indicating  the  Upper 
Skelgill  beds,  and  Prof.  Nicholson  and  myself  have  already  reconled 
the  existence  of  two  slabs  in  the  Woodwardiaa  M\i^^\\?csi  vci\L\avN^\\v^ 
the  existence  of  the  Monograptus  fimhrxaivA  zone  «A.li.oS.,  vAi'^X.'^^ct 
Glass  has  M.  iurriculatus  and  JIf.  r€ctus  from  a\.e\>^ti. 
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It  is  in  the  Frankenwald  and  Thiiringerwald  that  the  repie- 
sentatives  of  the  Stockdale  Shales  are  most  fally  developed,  and  it 
the  risk  of  becoming  monotonous,  I  give  a  list  of  apeoiea  ooonrriiig 
together  on  the  same  slabs  in  the  Dresden  Museum,  fully  bearing 
out  the  wide  distribution  of  those  zones  which  we  have  determined  in 
the  Stockdale  Shales  of  the  Lake  District.  In  this  list  the  qtedei 
given  under  one  number  occur  on  the  same  piece  of  stone. 

Oblzmitz-Juchhb. 

1 .  Monograptut  Jlmbriatut,  M.  Unuit^  JRatlriUs  peregrintu^  Climmtogrtptm  mr* 
maiii,  Dtptograptut  vesiculoiut,  Petalograptu§  ovatiu.  s=  Zoneof  Mmi9grmptuiJlmkruUM. 

2.  Monograptus  Jlmbriatm,  M,  gregarius,  M,  mitenumitu,  JSi$triU$  ptrtgrwm^ 
Climaeograptut    normality    Fttalograptut  ovato-elongatuB,  «  Zoofi   of   Mtmograptm 

Jimbrialu9. 

3.  Monogrnptus  epphutf  M.  tenuii,  M.  otienuatus,  Jf.  crenularu  t  Dg^lsgmptn 
iirtuatut,  ssZone  of  Monogrtptui  Jimiriatuf  ? 

RAITZHAIM-RoiflfSBBRO. 

1.  Mwngraptut  eonvolutut,  M.proteuSf  Eastrite$  ureeolu»,  J2.  hffhriim,^ZoM  of 
MtoHograptut  eanvoiutut, 

2.  Monograptut  tpiniggrtu,  M,  Jaemium^  Fetakgrtptut  paiwums,  «Zcme  of  Mmh 
graptus  tpinigerui. 

3.  Rattrites  maximvt.  =Zoiie  of  Eastrites  maxtmui, 

4.  Monograpius  iurrieulatus,  =  Zone  of  Monograptui  turrieulntuB, 

6.  MoHograptut  exiguiu,  if.  disetu,  Jtastrite*  eapillarii.^Zone  of  MoMgnptm 
crnpu9, 

6.  Jfonograptus  JtCogi,  Qgrtograptut?  tpiralis,  Fttmiograptua  pulmtm.'^TAm 
of  Monograptut  erispus, 

Langbnstrieois. 

1.  Monograplut  jaetdum^  M.  lobijerua^  Petalograptua  palm^ut.  ^Zone  of  Jfofid- 
graptus  spinigerut  ? 

Linda. 

1.  Monograplut  pandus^  if.  Bisingeri,  RetiolUes  Oeiniigianus.  ssZane  of  Mmh 
graptus  critpui. 

Heinricushohb. 

1.  Manograplua  revoluiutj  Climaeograpiut  normalU,  Diplogr^ptut  fMmf/MM, 
J).?  longissitMM.  sZone  of  DimoiphograptM  eonfortut, 

2.  Monograplua  atfenualutf  M,  revoiotus  ?  Fetalograptut  ovatut,  J)iplogrtptm 
tintiaius.  =s  Zone  of  Monogrmptua  JknbriatuB, 

3.  Monograptus  gregariua^  Rustritet  uroeoluSf  E.  hgbridtu^  PeUtiograptui  palmnt, 
s  Zone  of  MoHograptut  eonvoUttut  ? 

4.  MonograptM  gregariusy  M.  Eitingeri,  M.  Beeki,  Eastrilss  uret^lus,  S, 
hybrxdut.  =■  Zone  of  Jfonograptus  convolutus  ? 

6.  Monograptus  erastuSf  M.  diseretusy  Easlrites  hybridus.^Zone  of  M^nogrupiut 
ipinigerut, 

6.  Monograptus  Nicoli,  M.  crassua  ?  Diplograptus  madgsius,  =ZoDO  of  Momogr^ptm 
spinigerus. 

At  Saalfeld  a  Dimorphograptns  has  been  found,  though  the  shales 
from  this  locality  have  been  destroyed  owing  to  the  decompositioii 
of  pyrites. 

The  following  zones  which  we  have  made  out  in  the  Stockdale 
shales  are  represented  in  Thuringia : — 

Zone  of  Dimorphograptus  eonfertus, 

„  M<mograptusJi>nbriatM, 

„  „           eoHvoiutus, 

,,  ,,           tpinigena. 

,,  BattriUs  max%tniM. 

, ,  K<mogroj>t%»  turriculalu* , 

„  ,>           critpu*. 
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In  short  all  onr  graptolitio  zones  except  the  insignificant  and 
prohably  local  zone  of  Monograptue  argenieue  occur  here. 

Before  finally  quitting  the  representatives  of  the  8tookdale  Shales, 
a  word  concerning  the  Nereites  beds  is  necessary.  These  have  been 
referred  to  the  Devonian,  and  possibly  forms  like  Nereites  occur  in 
the  Devonian  beds,  but  the  specimens  which  Herr  Glass  collected 
at  Bad  Steben  are  so  exactly  like  the  Gala  ones,  both  with  reference 
to  the  lithological  character  of  the  containing  rock,  and  the  nature 
of  the  fossils,  that  I  cannot  help  believing  that  they  are  of  that  age. 

The  Wenlix^k  shales  with  Cyrtograpius  MurehiBoni  are  represented 
in  Herr  Glass's  collection  by  specimens  from  Einzelnhofen,  with 
Monograptvs  vomertntw,  Cyrtograptue,  sp.,  Cyrto.?  spiralis,  and  in 
the  Dresden  Museum  by  a  specimen  from  Linda  with  Monograpius 
priodonf  M.  vomerinus,  Cgrtograptus,  sp.,  C?  spiralis,  Betiolites 
OeiniUianus, 

Above  these  shales  lies  the  Ookerkalk  with  Cardiola  interrupta, 
etc.,  and  like  the  Cardiola  beds  of  Sweden  and  the  Lower  Coldwell 
beds  of  Westmorland  separating  the  Cyrtograpius  beds  from  the  beds 
with  Monograptus  coUmus. 

The  latter  are  found  at  Gunzenberg  near  Plauen  with  Monograpius 
BoBtnerii  and  at  Grafenwarth  near  Schleiz  with  Monograptus  coUmus 
and  M  bohemicus. 

Lastly,  the  Tentaculiten-knoUenkalk  with  Ptemiea  suhfalcata, 
P,  retroflexa,  etc.,  appears  to  represent  the  Upper  Ludlow  beds  of 
Britain,  and  the  limestone  of  E.  2  in  Bohemia. 

Beds  of  higher  age,  such  as  the  Styliola  beds  and  Gk)niatite  lime- 
stones are  probably  comparable  with  higher  stages  of  the  Bohemian 
basin,  which  they  altogether  resemble,  thus  yielding  additional 
evidence  of  the  accuracy  of  Prof.  Eayser's  view  as  to  the  age  of 
stages  F,  G,  and  H.  As  I  understand  that  Herr  Freeh  has  visited 
the  Hof  district  in  order  to  examine  these  Devonian  rocks,  further 
discuBsion  is  rendered  unnecessary. 

The  result  of  the  oarsory  examination  of  the  area  has  been  to 
show  that  the  difference  between  the  Bohemian  and  Bavarian  beds 
is  by  no  means  great,  where  beds  of  the  same  age  can  be  compared, 
and  that  even  our  British  deposits  are  in  many  cases  represented  by 
many  similar  strata  in  Bavaria,  and  the  Thiiringerwald  ;  that  this 
is  specially  the  case  with  the  graptolite-beariiig  shales  and  adds  one 
more  instance  to  those  which  have  been  adduced  to  prove  the  value 
of  these  forms  in  marking  stratigraphical  horizons. 


IX. — Ok   ths   Sobatohbd   aud   Faoettbd    Stones  or  thb   Salt 

Range,  India. 

By  Profeeaor  Gbobob  H.  Stonb. 

AT  the  Meeting  of  the  British  Association  in  1886,  a  facetted  and 
striated  pebble  from  the  Salt  Bange,  Punjab,  was  exhibited 
and  described,  by  A.  B.  Wynne,  F.G.S.  Another  and  larger  one 
was  presented  hjr  Dr.  W.  T.  Blanford,  P.R.B.^ 

'  Qmol.  Maq.  1886,  Dee.  III.  Vol.  III.  pp.  492,  \^\,  mA^,  ^IV 
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Daring  the  cliBonwion  that  ensued,  the  qaeetjon  was  considered 
whether  the  stones  had  received  their  shapes  from  the  action  of  wind* 
blown  sand.  Having  made  a  special  study  of  sand-carving  in  a 
favourable  region,  the  writer  became  interested  in  the  sabjeot,  and 
with  a  view  to  compare  the  Punjab  stones  with  the  sand-facetted  rock- 
fragments  so  common  in  various  parts  of  America,  wrote  to  Dr.  Blan- 
ford  in  order  to  obtain  specimens  of  the  stones  in  question.  By  the 
kindness  of  Dr.  Blanford  and  Mr.  Wynne,  plaster  casts  of  both  the 
specimens  described  by  them  have  been  sent  to  me.  Dr.  Blanford 
also  put  me  into  communication  with  Dr.  Henry  Warth,  who  has 
kindly  sent  me  three  of  tlie  scratched  stones  which  he  had  found  in 
the  field.  It  is  the  object  of  the  present  paper  not  to  enter  upon  the 
large  question  of  a  Glacial  period  in  Palsdozoic  or  Meeosoic  time, 
but  briefly  to  consider  the  testimony  of  the  specimens  about  to  be 
described  as  to  their  own  origin.  Most  of  the  conclusions  arrived 
at  Lave  been  anticipated  by  those  who  have  discussed  the  origin  of 
the  shapes  of  these  particular  specimens.' 

Yet  conclusions  drawn  from  observations  made  in  widely  removed 
regions  have  a  comparative  value ;  therefore,  at  the  risk  of  repeating 
what  has  been  observed  elsewhere,  the  facts  are  here  recorded  which, 
observed  in  Colorado  and  Maine,  throw  light  on  the  origin  of  the 
markings  on  the  stones  in  question.  The  existence  of  a  Oladal 
period  can  only  be  proved  by  the  whole  mass  of  field  evidence,  and 
this  can  only  be  worked  out  by  the  geologists  on  the  ground.  In 
solving  the  general  problem  it  will  be  necessary  first  of  all  to  deter- 
mine the  manner  in  which  the  stones  and  boulders  were  facetted  and 
scratched.  Afterwards  comes  the  question  how  they  were  brought 
to  their  present  positions  in  the  midst  of  clay  or  sand.  Evidently 
a  study  of  the  markings  on  the  stones  can  afford  little  direct  evidence 
except  on  the  first  of  these  questions. 

The  specimens  in  my  possession  are  the  following. 

No.  1.  This  is  a  plaster  cast  of  the  stone  exhibited  before  the 
British  Association  by  Mr.  Wynne.  The  form  is  not  that  which 
would  be  caused  by  the  wind. 

No.  2.  A  plaster  cast  of  the  stone  described  by  Dr.  Blanford. 
The  cast,  Dr.  Blanford  informs  me  by  letter,  does  not  show  the 
scratches  as  plainly  as  the  original.  Yet  the  scratches  on  the  facets 
are  so  readily  distinguished  that  a  friend,  a  mining  engineer,  who 
happened  to  be  present  when  the  cast  was  received,  at  once  exclaimed: 
*'  Why  it  looks  as  if  it  had  been  in  a  Mexican  arastra."  The  scratches 
are  not  such  as  could  be  produced  by  blowing  sand  or  gravel. 

No.  3.  Forwarded  to  me  from  Stuttgart  by  direction  of  Dr.  Warth. 
It  is  composed  of  a  dark  red  felsitic  ground-mass,  containing  many 
crystals  and  grains  of  a  lighter  red  felspar,  with  some  free  quartz 
and  small  quantities  of  one  or  more  accessory  minerals.  All  fracture 
surfaces  of  the  stone  are  quite  uneven.     On  breaking  off  a  portioa 

^  Including  in  addition  to  the  original  articles  of  Dr.  Blanford  and  Mr.  Wynne, 
comnmnJcations  by  Mr.  H.  I).  OVfiiOini.,  Q'&o\..  Mkq.  Ian.  1887>  and  from  BeV.  A. 
Irving f  Geol.  Mao.  April,  IHftl.  S\m\\ai  %^ftt\m^Tv%  w%^Mbfc\isa^iA^i^\ix.^.^R>D^ 
Records  Geol,  Survey  o£  India,  "voV.  ixi.  ^V..  \,  V^"^*^. 
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lie  stone  the  fresh  surfaoe  was  seen  to  be  of  a  lighter  and  more 
)r  colour  than  the  original  surface.  The  felspar  grains  and  ciystals 
the  surface  are  perceptibly  roughened.  The  stone  is  thus  proved 
)e  weathered,  though  the  discoloured  layer  is  quite  thin.  The 
iposition  and  structure  of  the  porphyry  indicate  that  it  is  a  very 
luring  rock.  The  striated  surfaces,  even  at  the  bottom  of  the 
ader  scratches,  are  apparently  as  much  weathered  as  the  rest  of 
stone.  There  are  four  principal  planed  facets,  and  their  sides 
nearly  parallel  like  those  of  the  faces  of  a  prism.  One  faoe  is 
,rly  plane,  the  others  have  a  curved  or  broken-curved  cross- 
tion.  The  facets  have  been  reduced  to  an  even  surface  and  afford 
larked  contrast  to  the  rough  fracture  surfaces.  The  scratches  are 
te  straight  and  distinct,  though  their  sides  are  not  so  sharply 
ined  as  is  usual  on  recently  facetted  stones.  The  whole  outer 
faoe  has  received  a  fine  polish,  such  that  the  apices  of  the  larger 
ejections  have  been  rounded  and  the  smaller  ones  nearly  erased, 
e  stone  is  three  inches  and  three-quarters  in  length,  and  its  greatest 
Qsverse  diameter  is  two  inches  and  three-quarters.  The  angles 
ween  the  facets  are  not  sharp,  partly  in  consequence  of  the  fine 
ish  before  desciibed,  and  partly  because  the  planed  surfaces  do 
;  in  general  meet,  but  are  separated  by  a  narrow  strip  of  unplaned 
'face  retaining  the  uneven  form  due  to  fracture,  except  as  it  has 
m  modified  by  the  ^ne  polish  before  mentioned. 
^^o.  4.  Sent  to  me  direct  from  India  by  courtesy  of  a  returning 
Bsionary.  Diameters,  two  inches  and  an  eighth  to  three  inches 
1  a  half.  It  is  composed  of  a  light  red  porphyry.  Most  of  the 
ger  gi'ains  and  imperfect  crystals  of  felspar  which  are  exposed 
the  planed  facets  have  weathered  so  as  to  be  quite  rough.  There 
\  a  number  of  small  irregular  depressions  on  the  planed  faces 
ised  by  the  partial  weathering  of  the  less  resistant  grains.  The 
ooth  facets  are  arranged  about  an  axis  roughly  after  the  manner 
the  faces  of  a  prism,  and  one  end  of  the  imperfect  prism  thus 
med  is  also  planed.  The  remainder  of  the  surface  is  uneven, 
1  is  simply  a  fracture-surface  modified  by  a  fine  polish,  which  has 
noved  the  apices  of  the  angles  and  the  Hmallest  of  the  projecting 
ints.  Some  of  the  faces  do  not  show  distinct  scratches,  though 
med  to  a  flat  and  even  surface.  The  surface  of  this  specimen  has 
3a  more  modified  by  weathering  than  No.  3.  The  weathering 
solves  the  bottom  of  the  scratches  as  well  as  the  unscratched 
rfaces,  and  there  is  little,  if  any,  difference  in  the  depth  of  the 
lathering  in  different  parts  of  the  stone. 

Ko.  5.  Also  sent  direct  from  India.  It  is  about  three  inches  long, 
is  a  fragment  recently  broken  off  from  a  water-rounded  cobble 
it  was  probably  about  six  inches  in  diameter.  It  is  composed  of 
npact,  fine-grained  quartzite,  which  here  and  there  contains 
croscopic  grains  of  felspar.  One  portion  of  the  cobble  has  been 
tinctly  planed  and  scratched.  At  least  one  quarter  of  an  inch  has 
)n  ground  away  from  the  stone,  if  we  estimate  its  original  shape 
m  the  curvea  of  the  rounded  portion  o£  the  ^loxve  «A\^^ife\i\.  V^  ^'^ 
aed  facet     The  scratched  surface  preseula  g|bn\\^  \iTv\\J\A^Iv^vw^ 

OECADM  UL^rOL,  VI.— 2fO.  «•  ^H 


418  Prof.  O.  H.  StoneSfones  of  the  Salt  Range. 

both  parallel  to  the  scratchea  and  transTerae  to  them.  ParticDiar 
scratches  or  grooves  can  be  traced  for  two  or  three  inches  across  the 
whole  facet,  though  in  general  the  smaller  soratohee  are  not  m 
distinct  as  those  on  the  porphyry,  and  they  often  become  confluent 
On  the  planed  facet  some  of  the  felspar  gndns  preserve  their  polish, 
except  at  the  edges ;  others  are  weathered  so  as  to  be  uneven,  as  also 
are  those  on  the  rounded  portion  of  the  stone.  This  specimen  showi 
less  weathei-ing  than  Numbers  3  and  4. 

Cause  of  the  Stbiation  and  Faobttino. 

First — All  who  have  seen  the  stones  agree  that  they  have  a  gennine 
and  ancient  look.  They  have  either  been  weathered  since  they  were 
scratched,  or  the  surface  has  been  treated  with  corrosive  acids  not 
found  in  the  field.  The  number  of  places  where  they  have  been 
found  is  inconsistent  with  such  an  accident  Most  of  the  scratchee 
are  too  straight  and  parallel,  also  too  broad  and  deep  to  have  been 
made  by  the  unassisted  hand.  The  scratches  on  No.  6  might  perhaps 
have  been  made  in  such  a  machine  as  the  arastra.  The  facets  on  the 
others  might  be  produced  on  a  grindstone  if  the  stones  were  held 
very  firmly.  The  stones  resemble  no  stone  implement,  and  are  not 
fashioned  for  use.  If  gn)und  by  man,  it  must  have  been  for  purposee 
of  deception  or  for  grinding  something  else.  In  either  case  it  coald 
not  have  been  the  act  of  a  Palseolithic  man,  but  of  one  furnished 
with  modern  machinery.  The  evidence  of  the  stones  points  to  their 
having  been  ground  and  striated  a  very  long  time  ago.  Their 
testimony  thus  unites  with  the  field  evidence  as  to  the  distribution 
of  the  stones  over  wide  areas,  their  situations  on  the  tops  of  moan- 
tains,  often  remote  from  places  likely  to  have  been  inhabited,  their 
being  found  independently  by  several  different  observers,  their  being 
associated  with  the  outcrops  of  certain  boulder- beds,  etc.,  to  prove 
that  the  stones  were  not  the  work  of  man. 

Second. — Some,  perhaps  all,  of  the  specimens  have  been  subjected 
to  a  limited  amount  of  polishing  since  they  were  facetted.  The 
larger  inequalities  of  the  fracture-surfaces  remain,  yet  the  surface  of 
both  the  projections  and  the  shallower  hollows  has  been  distinctly 
smoothed.  This  is  of  the  same  sort  as  would  result  from  a  very 
limited  amount  of  water-wear,  also  that  resulting  from  soikap 
movement  For  instance,  in  the  Rocky  Mountains  the  miners* 
"  float  rock  "  is  often  found  from  one-fourth  of  a  mile  up  to  one 
mile  or  more  from  the  parent  vein.  Reference  is  made  not  to  die 
stones  transported  by  running  water,  but  to  those  of  the  talus  or 
angular  gravel  which  covers  the  slopes  of  a  large  portion  of  the 
mountains.  This  mass  of  disintegrated  rock  is  a  sort  of  mineral 
glacier  slowly  sliding  down  the  mountains,  and  even  the  hard  vein 
quartz  is  usually  perceptibly  smoothed  by  the  attrition  of  the  earth 
and  stones  with  which  it  has  come  in  contact  during  its  journey. 
The  same  sort  of  polish  is  not  seldom  found  on  the  harder  fragments 
Bitimted  on  the  talus  at  the  base  of  a  scarp  of  erosion  of  sedimentary 
rock.  During  the  dislntegraiWoTi  o^  >iXi^  \iws\^««->5^\  ^1  N3w^  Qlvve 
group  such  friction  would  \iav©  \i^\v^^  Vo  «»\i\QoNNi  >^^  ^Vssqk^Kw  qs«».v 
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tion,  as  baa  been  sngp^sted  by  several  of  the  writers  on  this  subject 
Here  in  the  Bocky  Mountains  there  are  fine  facilities  for  stud^^ing 
soilcap  movement,  and  without  exception  the  instances  of  it  observed 
by  me  show  only  a  limited  amount  of  polishing,  the  apices  of  the 
angles  being  rounded  and  the  surface  smoothed  without  being 
reduced  to  a  plane  like  the  facets  of  the  Punjab  specimens.  The 
Boilcap  polish  is  substantially  like  that  which  the  facetted  stones 
have  received  since  they  were  facetted.  But  I  have  never  found,  on 
any  piece  of  float-rock,  scratching  that  in  kind  or  degree  resembled 
the  planed  and  striated  facets  of  the  stones  under  discussion.  There 
is  a  satisfactory  reason  for  this.  The  slowness  of  soilcap  movement 
gives  time  for  the  stones  to  accommodate  themselves  partially  to 
each  other's  movements.  If  the  friction  were  to  become  great 
enough  to  produce  such  wide  and  deep  scratches  as  appear  on  tho 
planed  facets  of  the  stones  in  question,  they  would  partly  roll  past 
each  other  rather  than  slide.  It  seems  to  be  certain  that  the 
'*  glaciated  "  stones  have  been  polished  since  they  were  scratched, 
and  this  fine  polish  could  be  caused  by  soilcap  movement  or  by  a 
limited  amount  of  water- wear. 

Third. — The  formation  of  distinct  scratches  constitutes  a  problem 
distinct  from  that  of  the  planing  to  an  even  surface.  Could  the 
scratches  have  been  formed  by  wind-blown  sand  or  gravel  ? 
Scratches  may  be  made,  first,  by  a  point  rubbing  against  a  surface 
and  being  held  in  the  same  relative  position  towards  it ;  second,  by 
a  rolling  body  crushing  its  way  into  a  softer  or  more  brittle  surface  ; 
third,  both  these  processes  may  combine  to  produce  the  scratches. 
It  is  evident  that  grinding  by  the  use  of  loose  powders  involves  the 
second  and  third  of  these  processes,  while  planing  and  the  use  of 
grindstones  involve  the  first,  and  produce  scratches  having  an  even 
^nd  sharply-defined  margin. 

Grains  of  sand  and  gravel  stones  when  impelled  by  the  wind  or 
by  moving  water  have  a  rolling  as  well  as  a  sliding  motion.  This  I 
know  to  be  the  fact  from  observation,  though  it  is  easy  to  prove  that 
this  must  be  the  natural  mechanical  result  of  friction  applied  to  one 
side  of  a  moving  solid  that  is  surrounded  by  a  liquid  or  a  gas.  As 
a  body  of  irregular  shape,  like  grains  of  sand  and  gravel  stones,  rolls, 
or  partly  rolls,  partly  slides  upon  another  body,  new  points  of  the 
moving  body  are  continually  brought  into  contact  with  the  stationary 
body,  and  since  the  shape  is  irregular,  the  new  point  of  contact  will 
usually  be  situated  to  one  side  of  the  original  point,  and  the  track 
of  the  grain  will  necessarily  be  crooked.  If  an  irregular  grain  be 
impelled  in  a  straight  line,  it  cannot  often  preserve  its  direction  in 
the  same  vertical  plane  after  rebounding,  for  the  friction  will  be 
applied  to  one  side  of  the  vertical  plane  in  which  is  situated  the 
centre  of  gravity  of  the  body,  and  the  grain  will  be  thrown  obliquely 
sideways.  So,  too,  air  and  water  are  constantly  being  thrown  into 
vortices  by  the  inequalities  of  the  surfaces  over  which  they  move. 
For  these  reasons  it  must  seldom,  if  ever,  ha^p^u  tVx^t  vjYwi  ot^^viX^x 
can  impel  aand  or  gravel  with  the  steady  tnot\OTv  x^o^vc^^  \^\  <^\^«t 
toprodaoe  long  straight  scratohes.     The  laxgex  f&\A\i<&^  Q\\jwi^x^^\i.<^ 
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Boratches  that  can  be  distingaished  by  the  nnassisted  eye,  but  thejaiB 
seldom  more  than  a  small  fraction  of  an  inch  in  length.  Here,  in  the 
Kocky  Mountains,  the  finer  dust  broadens  these  larger  soratches  more 
than  it  deepens  them,  so  that  they  are  soon  obliterated  or  changed  to 
shallow  grooves.  Stones  one-fourth  to  half  an  inch  in  diameter  are 
frequently  transported  by  the  winter  winds,  and  the  flying  gravel  is 
sometimes  so  painful  that  horees  cannot  be  made  to  face  it,  and  I 
know  of  a  blue  eye-shade  that  was  broken  by  gravel  while  the 
wearer  was  facing  a  Chinook  wind  in  Colorado. 

Now  the  scratches  of  these  Salt  Range  stones  have  sharply-defined 
borders,  and  they  are  two  inches  or  somewhat  less  in  length,  and 
most  of  them  very  straight.  Ilie  graving  tools  that  produced  them 
moved  with  a  very  steady  motion,  and  the  depth  is  such,  that  a 
considerable  force  was  required.  The  hypothesis  that  under  anj 
conditions  blowing  sand  or  gravel  could  produce  such  soratches  may 
once  for  all  be  confidently  rejected. 

Fourth. — Assuming  that  the  scratching  could  not  be  caused  by 
wind  action,  could  the  facetting  be  so  caused  ? 

We  may  classify  with  sufficient  accuracy  for  our  present  purpose 
the  conditions  under  which  facetting  is  done  by  the  wind  as  follows. 
First,  where  the  upper  surface  of  a  stone  only  a  few  inches  in 
diameter  lies  nearly  on  the  same  level  as  the  surface  of  the  soil 
or  of  other  stones  around  it.  The  small  stone  often  has  its  upper 
surface  ground  away  to  near  the  level  of  the  adjacent  earth, 
and  often  has  its  form  determined  by  the  shape  of  the  adjoining 
bodies.  It  is  surprising  how  fiat  many  of  these  small  facets  are,  . 
especially  when  the  stone  is  homogeneous  in  composition.  Examina- 
tion of  many  facets  shows  a  tendency  to  form  a  gently  undulating 
surface,  the  crests  of  the  low  undulations  more  often  being  transverse 
to  the  direction  of  the  wind  and  an  inch  or  more  apart.  In  the 
class  under  consideration  the  stone  is  so  small,  and  is  so  far  protected 
by  the  adjacent  bodies,  that  a  large  part  of  the  carving  is  done  by 
flying  grains  as  they  first  strike  the  stone,  at  which  time  their 
motion  had  been  in  great  measure  determined  by  the  adjacent  laud 
surface. 

If  in  any  way  one  of  these  small  stones  becomes  overturned,  a  new 
facet  may  be  formed  in  the  same  manner. 

A  somewhat  different  case  is  presented  when  a  stone  or  boulder 
projects  considerably  above  the  ground,  or  has  a  large  and  nearly 
horizontal  surface  near  the  ground.  In  this  case  a  much  larger 
proportion  of  the  grinding  is  done  after  the  blowing  stones  have 
once  rebounded  from  the  fixed  stone.  The  rhythmical  friction  of 
the  wind  against  the  fixed  stone  and  the  repeated  reboundings 
in  this  case  determine  the  character  of  the  carving  more  than  the 
direction  of  original  impact.  The  sand-carved  surface  under  these 
circumstances  is  usually  covered  by  shallow  grooves  parallel  with 
the  direction  of  the  prevailing  wind.  This  form  of  carving  appears 
to  he  related  to  the  oblique  reboundings  of  the  grains  sidewise. 
The  grooves  are  an  \nc\i  oy  \eft^  vcv  V^^^s.'Ccv  ^xA  ^'R\^<2ittL  xs^ss^  iWl 
the  sixteenth  of  an  inct  m  ^e^V^i.    1\i^  eiA'S^xeii^^  >a^\.^^^\i.  ^^^w^ 
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forms  of  sand-carying  may  be  illustrated  by  sea-waves  and  true 
water  undulations.  In  tbe  undulations  tbe  crests  are  convex  above, 
in  tbe  wind  waves  tbey  are  bounded  by  two  concave  surfaces  meeting 
in  a  somewhat  blunt  angle.  But  tbe  undulations  of  the  sand-carved 
surfaces  are  more  often  transverse  to  tbe  wind  like  ripple-marks, 
while  tbe  concave  grooves  are  parallel  to  it.  The  two  forms  are 
often  superposed,  so  that  a  large  number  of  the  concave  grooves  can 
Dot  seldom  be  traced  up  and  over  a  long  transverse  undulation,  or 
they  give  rise  to  a  large  number  of  conchoidol  depressions. 

Where  the  stones  project  considerably  above  the  ground,  several 
faces  are  usually  being  polished  simultaneously  or  as  the  wind 
changes.  At  tbe  base  of  the  Eockies  the  plains  are  strewn  with 
multitudes  of  granite-drift  boulders  from  the  mountains.  One  can 
hardly  go  a  hundred  feet  on  these  plains  without  finding  bouldei  s 
presenting  polished  facets  in  all  positions  with  respect  to  both 
vertical  and  horizontal  planes.  A  single  boulder  may  have  a  dozen 
or  more  facets,  just  as  if  one  could  polish  up  the  Matterhom,  leaving 
its  arrdtes  as  so  many  facet-angles  extending  downward  and  outward 
in  all  directions.  The  angles  between  adjacent  facets  are  terminated 
by  rather  short  convex  curves,  so  that  they  are  somewhat  rounded, 
not  true  mineralogical  angles.  The  grooves  often  have  different 
directions  on  different  faces ;  but  in  places  where  the  wind  can  only 
act  when  blowing  in  a  certain  direction,  they  are  parallel.  They  can 
often  be  traced  up  to  a  facet  angle  and  around  on  to  the  next  facet, 
especially  when  the  angle  is  quite  obtuse.  Grooves  can  be  found  at 
all  angles  to  facet  edges,  both  parallel  and  transverse  to  them.  The 
positions  of  the  facets  of  a  given  stone  are  evidently  determined 
partly  by  the  original  shape  of  the  stone  and  partly  by  the  accidents 
of  the  grinding  process.  The  facts  in  Colorado  abundantly  prove 
that  several  facets  can  be  formed  contemporaneously,  and  that  it  is 
not  necessary  in  all  cases  to  premise  a  change  of  position  of  the 
stone  when  more  than  one  facet  is  found.  These  observations, 
especially  those  relating  to  the  angles  which  the  conchoidal  grooves 
make  with  the  facet  edges,  differ  from  those  of  Mr.  Oldham.  This 
perhaps  may  be  due  to  the  wind  being  more  constant  in  direction 
in  India  than  in  Colorado.  Here  the  prevailing  direction  of  the 
grooves  is  north-west,  but  sand  and  gravel  are  transported  by  winds 
from  the  north,  west,  and  sometimes  from  the  south  or  south-west. 

The  conclusion  follows  that  the  facetting  of  the  Punjab  specimens 
might  be  simulated  by  wind  action,  but  not  the  flat,  almost  plane 
surfaces  of  the  facets. 

Fifth. — Were  the  scratching  and  facetting  done  by  glacier- ice  ? 
This  is  tbe  opinion  of  Messrs.  Blanford,  Oldham,  and  Wynne ;  but 
the  Uev.  A.  Irving  objects  {loe.  cil.)  that  during  extensive  observations 
in  the  Alps,  he  has  not  seen  stones  facetted  like  these. 

The  writer  has   carefully  examined  the   moraines  of  the  local 
glaciers  of  the  White  Mountains  in  New  Hampshire,  also  those  of 
the  Hocky  Mountains,  and  never  has  found  stones  facetted  in  so 
matiy  planes  as  the  stonea  in  question.     \\\  \.\\\ft  x^'R^^^V.  xsi^  <^^^t- 
vationa  OJcactlj  accord  with  those  of  Mr.  lrv\tig%    ^\3X\xi^^Vi^^^ 
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portion  of  the  till  of  Maine  there  are  literally  mnltitades  of  stones 
glaoiated  on  all  sides  and  often  in  flat  facets  like  the  spedtueiM 
under  disciiRsion.  American  geologists  are  now  nearly  nnanimooslj 
in  accord  with  the  Swedish  geologists  Torell  and  Hoist  that  tlw 
lower  part  of  the  till  of  New  England  was  a  ground  moraiiM 
henoath  an  ice-sheet,  while  much  morainal  matter  was  distrihnted 
through  the  lower  part  of  the  ice.  The  stones  under  this  deep  sheet 
of  ice  were  much  more  intensely  glaciated  than  in  the  case  of  the 
shallower  valley  glaciers.  It  is  not  needful  now  to  go  into  the 
discussion  of  the  molecular  physics  of  glaciers.  If  it  be  affirmed 
tliat  glacier  ice  is  too  fluid  (or  plastic)  to  hold  stones  long  enongh 
and  flrmly  enough  to  permit  them  to  be  facetted  and  violently 
6ci*atched,  the  matter  can  be  decided  by  an  appeal  to  the  gronnd 
moraine  of  the  New  England  ice-sheet  The  only  way  to  escape 
the  conclusion  that  land -ice  can  scratch  and  facet  stones  like  the 
Punjab  specimens  is  by  denying  that  New  England  was  covered 
with  land-ice.  But  the  hypothesis  of  the  glacier  origin  of  the  till 
of  New  England  was  never  more  strongly  entrenched  than  at  present. 
Every  year  since  the  days  of  Agassiz  has  brought  new  confirmation. 
The  terminal  moraines,  the  osar  marking,  the  courses  of  the  long 
glacier  rivers,  and  all  the  other  marks  of  land-ice,  constitute  over- 
whelming  proofs  of  the  reality  of  that  ice-sheet. 

I  conclude  that  both  the  facetting  and  the  striation  of  the  speci- 
mens under  review  are  of  the  same  kind  that  in  geological  time  past 
have  been  wrought  by  glacier- ice  of  considerable  thickness. 

Sixth. — Could  the  scratching  and  facetting  have  been  produced 
during  a  landslip?  No  observations  of  stones  being  planed  during 
a  landslip  have  lieen  recorded  in  America  so  far  as  I  know.  Yet  it 
is  extremely  improbable  that  a  landslip  could  occur  without  attrition 
of  the  stones  involved.  The  flames  seen  at  the  great  slip  at  Goldau 
indicate  an  evolution  of  molecular  heat  that  could  only  he  caused  by 
great  friction  resulting  in  a  large  amount  of  crushed  rock.  During 
the  land-slip  the  motion  is  so  rapid  that  the  stones  would  not  have 
much  time  to  roll  into  now  positions ;  yet  where  so  much  work  is 
being  done,  it  is  difficult  to  place  a  limit  to  the  kind  of  work  we  can 
admit  as  probable.  While,  then,  no  evidence  is  offered  to  the  efiect 
that  direct  observation  shows  that  stones  such  as  the  Salt  Range 
specimens  have  been  scratched  and  ground  to  flat  facets  during  land- 
slips, yet  when  we  consider  the  forces  involved  and  the  great  energy 
of  action,  it  appears  highly  probable  that  landslips  might  produce 
such  a  kind  of  work. 

The  scratching  has  plainly  not  been  produced  by  a  modem  landslip, 
unless  in  the  case  of  specimen  No.  5.  The  weathered  condition  of 
the  facets  proves  that  the  scratching  was  done  before  the  deposition 
of  the  specimens  in  the  boulder-bed,  or  simultaneously  with  it 

On  the  whole  I  see  no  cause  afforded  by  the  facts  now  known 
sufficient  to  warrant  denying  that  such  forms  as  those  under  di«- 
cn.ssion  might  be  produced  duriu^  laudaU\|8  of  large  masses  for  a 
conaiderahlQ  distance. 
Seventh.— Could  the  actaX^^img^ft^i^  ^^^^>^^^^V3  ^^^'^^^^^^o^^^^ 
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In'  several  oases  I  have  found  in  the  fault-breocia  stones  that  had 
been  soratohed,  though  none  of  them  were  facetted  in  so  many 
planes  as  these.  In  the  movements  of  faulted  rocks  we  certainly 
have  an  agency  capable  of  a  steady  motion  and  powerful  enough  to 
plane  the  hardest  rocks.  The  facets  of  these  specimens  are  not  so 
smooth  as  ordinary  slickensides  on  large  masses  of  rock.  Most  of 
these  scratches  were  made  by  graving  tools  not  yet  dulled  by  long 
friction.  No.  5  may  have  been  produced  by  a  recent  fault,  the  others 
must  have  been  striated  before  deposition.  The  hypothesis  that 
these  stones  were  once  a  part  of  the  fault-breecia  would  postulate 
faults  occurring  before  the  deposition  of  the  boulder-bed,  a  portion  of 
the  breccia  becoming  in  time  exposed  on  the  surface  by  the  decay  of 
the  rook  on  each  side  of  the  fault,  and  the  stones  subsequently  being 
oarried  by  some  means  into  the  boulder-bed.  There  is  much  here 
that  is  unknown,  yet  every  hypothesis  that  alleges  a  cause  sufficient 
for  the  required  work  is  entitled  to  a  hearing  and  a  fair  decision 
according  to  the  whole  evidence. 

Eighth. — Were  the  markings  caused  by  floating-ice?  Mr.  Oldham 
(he,  dt,)  well  sets  forth  the  uncertainties  regarding  the  work  of  ice- 
floes or  bergs  upon  the  stones  contained  within  them.  No  one  seems 
to  have  seen  shore-ice  or  any  other  form  of  floating-ice  facetting 
stones  like  the  Salt  Kange  specimens.  The  writer  has  visited  several 
places  on  the  coast  of  Maine  where  ice-floes  had  been  driven  ashore 
with  such  force  as  to  pile  up  blocks  of  ice  to  the  depth  of  ten  to 
twenty  feet.  The  shore  was  left  strewn  with  stones  and  even  large 
boulders  four  to  six  feet  in  diameter.  The  scratches  on  the  stones 
were  very  irregular,  in  no  way  resembling  those  of  the  stones  under 
discussion.  The  shore-ice  during  the  rise  and  fall  of  the  tides 
produces  on  the  coast  of  Maine  no  such  markings  and  planing. 
Bergs  and  thick  floes  would  be  less  easily  broken  into  blocks  and 
might  have  greater  power  to  facet  stones  than  the  shore-ice  of  Maine. 
In  the  present  state  of  the  argument  floating-ice  must  be  regarded 
as  one  of  the  possible  agencies  for  facetting  stones,  yet  one  concerning 
which  little  is  positively  known.  River-ice,  especially  at  the  time 
of  the  breaking  of  an  ice  gorge,  is  here  included  under  the  term 
floating-ice. 

The  expansion  of  lake  and  river-ice  produces  scratches  on  the 
stones  of  the  beach,  but  no  such  regular  striation  and  facetting  as 
that  under  consideration,  and  large  stones  driven  swiftly  along  by 
water  can  be  scratched,  but  not  in  a  way  like'these. 

The  only  natural  agencies  that  seem  to  be  adequate  to  produce 
such  straight  scratches  and  such  flat  facets  as  those  of  the  Salt  Range 
stones  that  have  occurred  to  me  are  glacier-  and  floating-ice,  land- 
slips, and  fault-movements ;  and  concerning  three  of  these  agencies 
but  little  is  known  by  direct  observation.  They  must,  however, 
be  adequately  considered  before  the  theory  of  glacier-ice  can  be 
regarded  as  fully  established,  though  the  glacial  hypothesis  is  not 
inconsistent  with  our  supposing  that  part  of  the  stones  were 
formed  in  Bome  other  way  than  by  g\ac\er-\cie.  In  NX\^  vjJa%«v\^^ 
/  direct  observatioa  of  the   stones   involved  In  "Va^nd^v^^,  WiXX/- 
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xDOvemeDts  and  floating-ice,  no  test  can  be  named  whereby  to  dii- 
tinguish  stones  scratched  in  these  ways  from  those  of  the  glacier. 
In  other  words,  in  the  present  state  of  the  argument,  the  scratchiDg 
and  facetting  of  the  stones  do  not  reveal  their  origin  with  certainty. 
Until  proper  tests  are  devised,  we  must  rely  on  the  general  field 
evidence.  Some  progress  can,  however,  be  reported,  for  the  faote 
certainly  prove  that  the  Salt  Kange  specimens  are  not  due  to  wind 
or  water  action.  This  narrows  the  field  of  fotare  research  some- 
what It  is  desirable  that  observations  of  the  stones  involved  in  the 
other  processes  named  should  be  studied  as  carefully  as  those  of  the 
glacier  have  been. 

It  will  be  noted  that  the  above  stated  conclusions  are  based  solely 
on  the  nature  of  the  markings  on  the  specimens.  These  spedmens 
are  all  the  material  I  have  for  an  inductive  argument.  The  general 
argument  in  several  ways  will  enable  us  to  distingnish  to  some 
extent  between  the  agencies  above  named  as  poasible  causes  of  the 
striation,  but  the  matter  is  for  the  present  left  to  those  who  have 
studied  the  phenomena  in  the  field. 

Four  of  the  specimens  described  were  not  much,  if  in  any  way, 
worn  by  water.  They  were  not,  therefore,  transported  to  their  position 
in  the  midst  of  clay  or  sand  by  running  water  acting  upon  them  under 
ordinary  conditions.  The  writer  has  seen  boulders  four  feet  in 
diameter  transported  by  the  rush  of  water  duiing  a  cloud-burst  in 
Colorado,  and  left  in  the  midst  of  mud  and  fine  sand.  If  the 
boulder-bed  were  formed  subaerially,  and  in  a  region  of  severe  and 
sudden  storms,  the  smaller  boulders  might  possibly  be  accounted  for 
as  due  to  the  rush  of  rapid  waters  over  a  soil  deposited  by  rains  of 
ordinary  kind.  Such  a  soil  if  subsequently  eroded  by  the  sea  or 
a  lake  would  become  stratified  and  would  contain  the  boulders 
previously  strewn  over  the  region,  they  being  little,  if  at  all,  rounded 
during  the  erosion  of  the  mud  and  soil. 

Still  another  method  can  be  named  for  transporting  the  scratched 
stones  and  boulders  to  their  present  positions  in  the  midst  of  clay 
or  sand.  A  water-logged  stratum  of  clay  or  shale  is  more  likely  to 
cause  a  landslip  than  any  other  kind  of  rock.  Suppose  such  a  mass 
of  sedimentary  clay  to  have  been  deposited  over  crystalline  por- 
phyries previously  shattered  into  boulders  of  decomposition.  If 
afterwards  the  region  is  elevated  so  as  to  become  part  of  a  moimtain 
range  adjacent  to  the  sea  or  a  lake,  subaerial  erosion  would  begin  to 
lay  bare  the  underlying  rocks,  and  the  waves  would  form  a  zone  of 
shingle  along  the  beach.  If,  subsequently,  landslips  should  occur 
along  the  mountain-sides,  the  clay  would  carry  with  it  into  the  sea 
or  lake  many  of  the  underlying  boulders  of  decomposition  and 
portions  of  the  beach  gravels.  Many  of  the  stones  might  be  facetted 
and  striated  during  the  landslip,  and  we  should  now  find  them 
scattered  through  the  clay  or  sand  involved  in  the  slip.  And  if  this 
clay  or  sand  were  subsequently  eroded  by  the  lake  or  sea- waves,  the 
larger  stones  would  still  be  left  in  the  midst  of  the  fine  material, 
being  but  little  worn  or  poWaVved  ^wxva^  >^\^  Y^^**^- 

The  hypothesis  of  the  alouea  «ai^  \io\]\^«t%  \Q\wA\Ti'<Jw6\ss!iai^^ 
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tbe  fine  sediments  having  been  dropped  by  floating-ioe  also  well 
aooounts  for  the  deposition  of  the  boulders  without  much  water- wear. 
This  was  the  theory  suggested  by  Dr.  Blanford  many  years  ago,  and 
on  the  whole  is  the  most  probable  of  any  of  the  theories  suggested. 
It  may  be  that  these  boulders  were  not  all  transported  in  the  same 
manner.  The  clays  and  sands  that  were  formed  off  the  shore  of  the 
sea  in  Maine  during  the  **  Champlain  *'  elevation  of  the  sea  are 
strewn  with  erratic  boulders  up  to  twenty  feet  in  diameter.  The 
clays  are  fossiliferous  and  must  have  been  formed  in  the  open  sea. 
The  boulders  were  dropped  from  floes  of  shore-ice  or  small  bergs. 
Every  winter  the  shore-ice  becomes  attached  to  boulders,  and  in  the 
spring  these  boulders  are  carried  out  to  sea  and  along  the  coast  when 
the  ice  becomes  detached  from  the  shore.  This  hypothesis  therefore 
postulates  a  process  that  is  known  by  actual  observation  to  be  an 
efficient  one. 

It  is  not  the  writer's  purpose,  however,  to  enter  on  the  general 
question.  The  character  of  the  specimens  imperatively  demands 
some  method  of  transportation  that  did  not  involve  much  water-wear 
and  permitted  the  preservation  of  the  scratches  on  the  surface. 
But  the  specimens  afford  little  evidence  as  to  the  exact  manner  of 
their  transportation. 

Colorado  College,  Colorado  Springs,  U.S.A. 


X. — On  the  Gbssnstonb  and  Associated  Rooks  of  the  Manacle 

Point,  Lizard. 

By  Alexander  Somertail. 

ON  De  La  Beche's  Geological  Survey  Map  of  Cornwall  are  three 
colours  representing  the  associated  rocks  at,  and  on  each  side 
of  the  Manacle  Point.  The  Point  itself  and  for  a  considerable  distance 
south  of  it  is  represented  as  a  greenstone.  Partially  encased  in  the 
greenstone  and  to  the  south  of  it  is  gabbro,  which  forms  the  main 
mass  of  this  rock  in  the  Lizard  district.  On  the  north  side  of  the 
greenstone  which  forms  the  extreme  south  wall  of  Porthonstock 
Cove  is  hornblende-schist,  which  with  some  serpentine  and  other 
rocks  terminates  against  the  killas,  or  slates  near  Portballa. 

Several  observers  with  seeming  good  reason  have  drawn  attention 
to  the  fact  that  the  greenstone  as  represented  on  the  map  is  made  to 
cover  much  too  large  an  area  to  the  south,  and  that  any  one  walking 
from  this  dii'ection,  or  the  reverse,  finds  gabbro  where  the  former 
rock  was  expected  to  occur.  That  this  is  the  case,  there  is  absolutely 
no  doubt,  but,  De  La  Beche  may  have  had  his  own  reasons  for  this, 
although  perhaps  not  distinctly  stated  in  the  text  of  his  accom- 
panying memoir. 

Not  only  does  this  seeming  discrepancy  exist  with  regard  to  the 
relative  extent  of  these  rocks,  but  one  also  soon  seems  to  get  involved 
in  another  with  regard  to  their  relative  ages. 

It  has  been  taken  for  granted  somehow  or  other  that  the  ^eetir 
stosa   is   the  newer  rock,  as  it  seems  to  cuV.  1\\^  ^ie^c^xQ\  \i\>X  ^ 
J^orthonatock  this  ia  entirely  reversed,  the  gaWoto  in  «»Nvax%\.VcA^a»s»^ 
traversing  tbe  greenstone. 
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From  the  oommenoement  of  the  greenBtone  on  tiie  Boath  side 
of  PorthonBtook  Cove,  an  indicated  on  the  map,  there  is  little  more 
than  a  repetition  of  alternate  greenstone  and  gabhro  for  a  considerable 
distance  to  the  south.  At  first  the  greenstone  is  the  predominating 
rock  for  a  short  distance,  then  both  almost  in  equal  proportiona 
The  gabbro  in  its  turn,  however,  soon  preponderates,  yet  still  having 
a  number  of  bands  or  veins  of  the  greenstone,  these  becoming  fewer 
as  the  central  mass  of  the  gabbro  is  readied. 

These  bands  and  veins  of  greenstone  differ  considerably  from  esdi 
other  seemingly  in  pn)portion  to  their  width  and  in  their  relations 
from  the  more  central  mass  of  the  gabbro.  Some  of  them  are  like 
dolerites,  others  like  diorites,  and  both  are  frequently  porphyritic, 
and  not  to  be  distinguished  from  similar  rocks  much  further  south 
associated  with  the  granulitio  group  which  cuts  the  serpentine. 

These  veins,  where  I  first  saw  them  near  the  southern  limit  of  thei 
greenstone  on  the  map,  firmly  impressed  me  with  the  conviction 
that  they  were  due  to  segregation.  During  a  modei'ate  falling  rain 
I  was  able  to  examine  them  to  much  advantage,  the  wet  on  the  rock 
brings  out  the  very  decided  way  in  which  the  veins  shaded  into  the 
matrix  of  the  gabbro.  Repeated  examples  bore  out  the  same  con- 
clusion, and  the  broader  bands  pass  in  a  similar  way  into  the  mass 
of  the  gabbro,  without  the  slightest  sign  of  intrusion,  or  of  any  force 
having  been  exerted,  or  the  margins  of  either  having  been  altered 
in  the  very  least  degree  by  contact. 

The  example  already  referred  to  of  the  Porthonstock  gabbro 
traversing  the  greenstone,  so  apparently  contradictory,  is  also,  I 
believe,  due  to  segregation  from  the  more  extensive  mass  of  the 
greenstone  occurring  at  this  point ;  so  that  on  the  ground  of  segre- 
gation, anomalies  and  difficulties  at  once  disappear.  I  have  no 
doubt  that  it  was  from  the  successive  bands  of  both  rocks  at  For- 
tliouKtock  Point,  that  De  Tja  Beche  was  induced  to  colour  so  much 
of  this  area  as  greenstone,  if  not  from  the  very  reason  just  given. 

There  can  be  no  doubt  but  that  the  gi*eenstone  and  gabbro  are  por- 
tions of  one  and  the  same  magma,  the  gabbro  on  its  northern  margin 
passing  into  the  former,  and  as  we  shall  presently  see,  the  horn- 
blende schists  immediately  north  of  the  greenstone  are  formed  oot 
of  this  latter  rock,^  so  that  all  three — gabbro,  greenstone,  and  horn- 
blende-schist— are  but  the  modifications  chemically  and  mechanically 
of  one  mass,  although  represented  by  the  three  colours  alluded  to. 
From  south  to  north,  as  already  stated,  there  is  a  gradually  growing 
disposition  on  the  part  of  the  gabbro  to  become  more  split  up  by 
the  segregated  greenstone  veins  and  bands,  until  these  become  the 
dominant  rock  at  and  north  of  Porthonstock,  resulting  in  what  is 
now  represented  by  the  hornblende-schists  north  of  that  locality. 

The  greenstone  of  Porthonstock  is  not  by  any  means  a  rock  that 
1ms  undergone  any  very  great  amount  of  secondary  alteration. 
Immediately  north  of  it,  however,  there  is  evidence  of  a  plane  of 
great  disturbance  which  has  much  more  completely  altered  its 
original  constituents,  especially  its  augite  into  hoinblende,  and  pro- 

'  This  opinion  is  expressed  in  Prof.  8ed^ick*s  paper,  Trans.  Cambridge  WL 
Soc,  vol  L  p.  18. 
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dnced  a  highly  Bchistose  structure.  Its  various  mineral  constituents 
are  niuob  crushed,  flattened  and  broken  up  into  fine  fragment4s, 
the  long  axes  of  which  conform  more  or  less  to  the  planes  of 
cleavage  produced  by  the  great  mechanical  pressure  the  rock  has 
here  undergone.  The  original  porphyritic  structure,  though  much 
crushed,  is  yet  distinctly  traceable,  and  further  north,  where  the 
rock  is  less  cleaved  or  schistose,  as  towards  Porthkerris  Cove,  and 
Point,  the  porphyritic  structure  much  abounds. 

There  is  another  point  with  regard  to  the  Porthonstock  greenstone 
which  must  not  be  overlooked,  that  is,  the  tendency  of  the  rock  in 
parts  to  assume  the  granulitic  structure,  which,  although  on  a  small 
scale  here,  is  yet  the  same  type  of  rock  as  met  with  in  the  southern 
areas.  This  also  is,  I  contend,  but  a  portion  separated  from  the 
greenstone  by  segregation,  so  that  from  the  parent  mass  of  the  gabbro 
has  been  evolved  the  granulitic  and  the  greenstone,  which  latter  by 
subsequent  dynamical  movements  has  been  converted  into  horn- 
blende-schist. 

This  explanation  I  am  inclined  to  regard  as  no  mere  speculation, 
but  as  a  fair  and  just  inference  based  on  what  we  can  observe  in 
many  localities  at  the  Lizard.  In  some  of  these  localities  all  three 
rocks,  gabbro,  granulitic,  and  hornblende,  are  more  or  less  inter- 
changeable, and  a  distinct  passage  can  be  traced  between  them  all. 
In  certain  areas  large  tracts  of  the  latter  rock,  which  seems  to  have 
formed  the  upper  or  outer  margin  of  the  gabbro,  have  been  cleaved 
into  what  now  form  the  schists,  while  the  more  granulitic  portions, 
although  closely  adjoining,  have  from  their  coarse  and  granular 
nature  been  much  less  affected. 

It  will,  I  think,  be  ultimately  found  that  segregation  has  played 
a  most  important  part  among  all  the  rocks  of  tlie  Lizard  district. 
The  bands  of  hornblende  so  frequently  occurring  in  the  serpentine 
in  various  localities  are  due,  I  think,  to  this  cause.  The  dykes  in 
the  outer  rocks  off  the  Lizard  Head,  mapped  with  such  care,  and 
not  without  danger,  by  Mr.  Howard  Fox,  F.G.S.,^  are,  I  believe, 
true  segregation  dykes.  The  banded  structure  in  the  hornblende- 
schists  and  associated  gneissic  rocks  is  also  in  my  opinion  due  to 
this  same  cause,  a  subject  I  hope  to  deal  with  very  shortly. 

If  the  present  suggestion  is  correct,  in  reducing  the  triple  division 
of  the  rocks  at  the  Manacle  Point  to  mere  varieties  of  one  original 
magma,  it  seems  to  go  a  long  way  towards  simplifying  the  geology 
of  the  rest  of  this  most  interesting  district. 

1.  "  On  a  Hrad  op  Hybodus  Drlabechui^  assooiatkd  with  Dorsal 

FlM -SPINES,    FBOM   THE    LoWBR   LlAS    OF   LyMB    KeGIS,    DoKSRT- 

8HIRB."     By  A.  Smith  Woodwakd.     Ann.  Report  Yorksh.  Phil. 
Soo.  1888,  pp.  58-61,  pi.  i. 

THROUGH  the  generosity  of  Mr.  William  Reed,  F.G.S.,  the  York- 
shire Philosophical  Society  is  enabled  to  publish,  in  its  recently- 
issued  Report  for  1888,  a  fine  quarto  plate  (drawn  by  Miss  G,  M« 

2  On  the  Gnmac  Bocka  of  the  Lizard,  Q.J.Q^.  ^ay,  U%%,  ^.  '^^^ . 
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Woodward)  of  the  most  perfectly  preserved  head  of  the  Liassio 
Shark,  Hyhodw  Delabechei,  hitherto  discovered.  The  specimen  it 
contained  in  the  Reed  Collection  of  the  York  Museum  and  exhilnti, 
for  the  first  time,  the  precise  arrangement  and  relative  proportiona 
of  the  teeth,  in  addition  to  some  of  the  characters  of  the  cranial 
cartilage,  llie  mandibular  teeth  are  disposed  upon  each  ram  as  of 
the  jaw  in  ten  or  eleven  transverse  series,  being  thus  more  nnmeroiu 
than  in  Acrodus ;  and  there  is  no  azygous  series  of  symphysial  teeth. 
The  dorsal  covering  of  shagreen  is  sparse,  and  the  absence  of  barbed, 
lateral  head-spines  is  somewhat  remarkable. 

2.  Ftsh  Remains  from  the  Lower  Coal  Measures  of  Lancashibk. 
By  Hbrbkrt  Boltom.  Trans.  Manchester  Geol.  Soc.  vol  xx. 
pt  viii.  1889. 

THE  author  records  the  occurrence  of  fossil  fish  remains  in  sbale 
overlying  the  Upper  Foot,  or  Bullion  Mine  Coal,  in  Rossendale, 
and  publishes  brief  notes  upon  the  specimens.  A  large  ElcmrMkp 
api)ears  to  be  referable  to  E.  BevixBtriaiuB,  Traq. ;  a  head  of  Calaca^ 
thus  is  shown  to  differ  in  some  respects  from  that  of  the  common 
C.  hpturvB ;  and  other  less  satisfactory  fragments  do  not  permit  of 
any  tolerably  precise  determination. 

—  -  - 

3.  "  Urbrr  zwei  Fische  aus  den  Angulatuskalken  des  Unteb* 
Elsass."  By  W.  Deecke.  Mittheil.  Commission  gfol.  Landes- 
Untersuch.  Elsass-Lothringen,  vol.  i.  1868.     11  pp.  1  pi. 

11HE  author  descrilies  a  new  species  of  JTeterolepidotuB  and  another 
of  DapediiiB  from  the  Angnlatus-beds  of  Alsace,  and  claimfl 
these  to  be  the  oldest  Liassic  fish-remains  hitherto  discovered, 
Heterolepidotus  angnlati  is  founded  upon  the  well-preserved  trunk  of 
a  typical  member  of  the  genus,  closely  related  to  JL  serruIdiuB^  but 
differing  in  the  smoothness  of  the  scales.  Of  DaptdiuB  cychidest  a 
complete  fish  forms  the  type-8j>ecimen,  and  this  seems  to  differ  from 
the  well-known  D.  orbtB  of  Barrow-on-Soar,  merely  in  the  prominent 
sculpturing  of  the  scales  upon  the  foremost  half  of  the  trunk.  Of 
tlie  JleterolepidotvB  a  description  alone  is  given  ;  but  of  the  Dapedivt 
there  is  a  good  photograph,  with  explanatory  lettering  u^yon  a  traced 
outline  of  the  fossil. 

I^  E  V  I  E  "W  S. 

I. — The  Middle  Lias  of  Northamptonshire.  By  Bekbt  Thompsos* 
F.G.S.,  F.C.S.  (London,  Simpkin,  Marshall,  &  Co.)  Svo.  pp.  150. 
Price  3».  6d. 

SINCE  the  da^'s  when  Samuel  Sharp  laboured  so  successfnlly 
among  the  Oolites  of  Northamptonshire,  no  one  has  studied 
more  assiduously  the  county  geology  than  the  author  of  the  present 
work.  Confining  his  attention  mainly  to  the  country  accessible  from 
the  town  of  Northampton,  he  has  added  largely  to  our  knowledge  of 
the  Upper  Lias,  in  papers  \m\A\>^\\^<V  m  \^^  ^wiyvx-^  ^^  V\va  No 
amptonshire  Natural  B.ibtot^  ^ovi\^V^  \  \4Xi^  V^  xv>y«   ^^^  >^  -^ 


'SevietM — Betby  Thomp^an^B  M.  Lla%^  Northampton.        429 

resnlts  of  his  obseryations  on  the  Mi<1dle  Lias.  The  work  itself  has 
appeared  in  serial  fonn  in  the  "  Midland  Nataralist/'  but  the  author 
has  dooe  well  to  reprint  his  papers  in  a  neat  and  handy  volume,  an<i 
BO  save  them  from  the  oblivion  which  too  often  befalls  many  ex- 
cellent articles. 

Two  main  subjects  are  treated  of  and  discussed :  1,  the  Middle 
Lias,  stratigraphically  and  palsBontologically ;  and  2,  the  (Strata  in 
their  connection  with  Water-supply,  etc. 

In  the  first  portion  we  are  given  detailed  notes  of  many  sections,  and, 
what  is  of  most  importance,  records  of  fossils  obtained  from  each  minor 
division  of  the  strata.  When  we  learn  that  these  divisions  amount 
to  thirteen  in  all,  we  may  confidently  assert  that  the  position  of  each 
assemblage  of  fossils  in  the  Middle  Lias  has  been  worked  out  much 
more  minutely  than  in  any  other  area  in  this  country.  In  saying  ho 
much,  we  do  not  attach  undue  importance  to  these  minor  or  perbai)s 
local  divisions  ;  but  inasmuch  as  the  author  founds  his  work  on  tlie 
stratigraphical  sequence  of  the  beds,  his  facts  and  conclusions  will 
be  of  great  value  to  other  workers,  who  are  endeavouring  to  trace 
out  the  biological  history  of  the  species. 

Some  forms  are  for  the  first  time  recorded  from  the  strata  in  this 
country  ;  while  others  altogether  new,  obtained  by  the  author,  and 
by  another  zealous  worker,  Mr.  W.  D.  Crick,  have  been  recently 
described  by  Mr.  £.  Wilson  in  the  pages  of  this  Magazine. 

The  so-called  "Transition-bed"  between  the  Middle  and  Upper 
Lias,  a  bed  previously  discovered  and  worked  out  on  the  borders 
of  OKfordshire  and  Northamptonshire  by  Mr.  T.  Beesley  and  Mr.  E. 
A.  Walford,  is  described  as  fully  as  possible.  Stratigraphically  it  is 
a  very  insignificant  bed,  but  a  few  inches  in  thickness,  so  that 
whether  it  be  regarded  as  Middle  or  Upper  Lias  is  a  question  in  no 
ways  calculated  to  disturb  the  mind  of  the  geological  surveyor.  It 
has  yielded  a  fauna  of  upwards  of  90  species — about  three-fourths 
of  which  belong  to  the  Middle  Lias  and  one-fourth  to  the  Upper 
Lias.  Tlie  Ammonites  are  essentially  Upper  Lias  types,  and  these 
include  the  characteristic  Ammonites  acutfis.  The  Gasteropods  are 
of  Middle  Lias  character  and  suggest  that  the  bed  is  approximately 
on  the  same  horizon  as  the  *Pleurotomaria-bed*  (of  Mr.  E.  C.  H. 
Day)  on  the  Dorsetshire  coast. 

Mr.  Thompson  includes  in  his  Middle  Lias  only  the  zones  of 
Ammonttea  spinatua  and  A,  viargariiatus ;  thus  putting  the  beds  with 
A,  capricomns,  A,  Henleyiy  etc.,  in  the  Lower  Lias — a  grouping 
adopted  by  the  G^eological  Survey.  All  the  evidence,  however,  goes 
to  show  that  the  larger  as  well  as  the  smaller  divisions  are 
intimately  linked,  and  the  Upper  Lias  beds  in  Northamptonshire 
appear  in  places  to  be  closely  connected  with  the  Northampton 
&nds,  as  pointed  out  elsewhere  by  the  author. 

Passing  on  to  the  second  portion  of  this  work,  we  find  a  notice 
of  the  Economic  products,  and  then  a  general  account  of  the  Springs 
in  the  Gravels  and  Oolites.     The  latter  portion  of  this  subject  is 
hut  introductory  to  a  special  account  of  ttie  vf aX.w-\y«w\xi^  \i^^^  ^1 
the  Middle  Liaa. 
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Owing  to  the  increased  amount  of  water  needed  for  the  town  of 
Northampton,  and  partly  owing  to  improved  systems  of  agrionltiml 
drainage,  the  water  derived  from  the  deep  wells  in  the  Middle  Liaa 
was  found  to  he  insufficient.  Still  deeper  wells  were  made  in  the 
hopes  of  reaching  water-bearing  Triassic  rocks;  but  these  were 
failures. 

Mr.  Thompson  has  for  some  years  past  advocated  that  a  system  of 
dumb- wells  be  constructed — about  100  feet  in  depth  on  the  average. 
"  These  dumb- wells  would  all  be  situated  in  the  valleys,  and  woold 
generally  require  to  be  cut  through  a  little  alluvium  and  riTer 
gravel,  and  through  the  Upper  and  Middle  Lias.  The  wells  might 
be  lined  with  brick,  and  then  filled  up  with  coarse  gravel,  broken 
brick,  or  any  good  porous  material  to  within  35  ft.  or  40  ft  of  tlie 
top,  the  material  to  get  finer  towards  the  top,  in  imitation  of  the 
filter  beds  of  the  London  water  companies.  The  depth  of  35fL 
to  40  ft.  not  filled  with  gravel  is  given  to  enable  the  water  running 
in  from  the  river  gravel,  as  well  as  that  from  the  surface,  where 
such  water  is  desirable,  to  have  a  good  fall,  whereby  it  may  he 
effectually  aerated  before  entering  the  chief  filter  bed." 

The  author  would  take  advantage  of  the  river  gravel  as  a  primary 
reservoir  and  filter-bed,  whence  the  water  would  be  conveyed  into 
the  Marlstone.  He  mentions  that  at  the  present  time  water  obtained 
from  the  river  gravel  is  clear,  and  free  from  suspended  impuritiei, 
and  would  still  be  so  if  his  plan  were  adopted,  so  that,  in  his 
opinion,  there  would  be  little  or  no  silting  up  of  the  dumb-wells. 
Additional  supplies  of  water  might  also  be  obtained  from  the  river 
by  means  of  pipes  when  the  water  was  sufficiently  high  for  it  to  he 
well  spared,  and  this  would  tend  to  prevent  the  injuries  that  arise  to 
the  banks  from  overflowing.  The  author,  therefore,  contends  that 
his  scheme,  of  which  he  gives  full  details,  would  improve  a  large 
district  now  injured  by  floods ;  it  would  furnish  an  abundant  water 
supply  in  a  natural  reservoir  (the  Middle  Lias) ;  and  the  water 
would  be  very  pure,  because  it  would  be  filtered  before  entering  the 
well,  and  filtered  again  in  the  well  before  entering  the  most  effectual 
filter  the  Marlstone  itself,  while  it  would  be  well  aerated  by  its  fall. 

Various  objections  have  been  raised  against  this  scheme,  and  these 
are  fully  discussed  by  Mr.  Thompson.  Perhaps  the  most  serious 
objection  is  that  a  scheme  of  this  nature  has  not  been  tried  before  in 
this  country,  and  that  it  must  necessarily  be  an  experiment.  Such 
an  objection  might  have  been  urged  against  some  of  our  deep 
borings  I  Another  question  is  whether  the  water  would  go  away 
through  the  dumb-wells.  Water  obtained  from  old  wells  was  of  an 
artesian  nature  rising  formerly  at  one  place  90  feet  above  the  water- 
bearing rock.  This,  however,  was  before  the  water-level  had  been 
reduced  by  the  large  supplies  pix)cured,  and  so  long  as  large  supplies 
are  pumped  up,  there  would  be  no  danger  of  overflow  from  the 
dumb-wells.  The  dip  of  the  beds  is  considered  too  slight  to  offer 
any  obstacles  to  the  scheme.  The  Upper  Lias  is  170  to  190  feet 
thick,  and  the  author  caVcwYale^  1\\«A.  >S\^t%  ^i«vi\ftL  \i^  ^  Vi^^Adi  of  water 
of  110  feet  at  NorthampVotv,  \>^^o\^  vVi^  ^xxmVv^^^  ^w\^  ^»»»feNa 
act  or  occasion  loas. 
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The  flcbeme,  howerer,  was  not  adopted  by  the  Town  Coancil  of 
Morthampton — as  it  was  considered  too  theoretical  by  the  ''practical  ** 
men ;  moreover  it  was  deemed  necessary  to  procure  a  supply  without 
loss  of  time,  and  an  artificial  reservoir  to  hold  400  millions  of  gallons 
of  water  has  been  constmcted  near  Ravensthorpe.  Mr.  Thompson 
claims  that  his  plan,  if  successful,  would  have  saved  the  town  at 
least  £75,000 ;  hence  it  seems  a  pity  that  it  was  not  given  a  trial 
by  the  construction  of  one  or  more  experimental  dumb- wells,  for 
we  feel  confident  that  the  plan  could  not  have  been  proposed  under 
geological  conditions  more  likely  to  prove  favourable  to  its  success. 

Those  occupied  in  the  subject  of  water-supply  will,  however, 
find  in  this  carefully- prepared  work  much  matter  of  interest  and 
iDstniction ;  and  the  author  need  not  feel  that  his  labour  has  been 
unproductive  of  good,  even  if  he  has  not  been  considered  as  a 
**  prophet "  in  his  own  country. 


II. — Dr.   C.   Fobstth-Major*s  Paksontolooigal  Disooveries   in 

THE  Isle  or  Sahos. 

SUR    UN    GiSEMENT    d'OsSEMENTS    FoSSILES    DANS    l'IlE    DB    SaHOS, 
GONTEMPORAINS  DE  l'aOE  DE  PiKERMI.      Par  M.  FOHSTTH  MaJOK. 

Comptes  Bendus,  vol.  cvii.  pp.  1178-1181  (1888). 

THIS  paper  contains  a  preliminary  notice  of  a  collection  of 
Vertebrate  remains  of  Lower  Pliocene  age  obtained  by  the 
author  during  the  year  1887  in  the  island  of  Samos  in  the  Turkish 
Archipelago.  Among  these  are  a  large  number  of  forms  specifically 
identical  with  the  mammals  from  the  equivalent  deposits  of  Pikermi 
in  Attica,  Baltavar  in  Hungary,  and  Maragha  in  Persia ;  but  there 
are  also  some  new  types,  which  are  of  interest  either  from  a  distribu- 
tional or  a  purely  zoological  point  of  view. 

Among  Uiese  new  forms  is  a  species  of  Ant-bear  (Orycteropus), 
which  is  the  only  representative  of  that  genus  yet  known  beyond 
the  Ethiopian  region.  A  large  Pangolin,  which  is  estimated  to  have 
been  nearly  three  times  the  size  of  the  West  African  Mania  gigantea^ 
is  made  the  type  of  the  new  genus  Palaomania ;  and  is  of  interest 
as  showing  how  the  African  Pangolins  may  have  been  connected 
with  those  of  India. 

Perhaps  the  most  striking  new  type  is  a  large  ruminant  referred 
by  the  author  to  the  Criraffida,  and  stated  to  connect  Helladotherium 
and  the  Giraffe  with  some  of  the  aberrant  Antelopes  of  Pikermi. 
Finally  a  large  Ostrich  is  especially  noteworthy  from  a  distributional 
point  of  view,  since  we  now  have  remains  of  this  genus  from  Samos, 
the  Thracian  Chersonese,  and  Northern  India.  E.  L. 

Note. — We  learn  that  Dr.  H.  Woodward  has  just  returned 
(20  August)  from  Florence,  having  secured  Dr.  C.  Forsyth-Major's 
valuable  collection  from  Samos  for  the  British  Museum  (Natural 
Hietory),  Cromwell  Road,  to  which  it  will  doubtless  prove  a  most 
important  addition. 
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Coal  and  Tin  Dibooykribs  im  Westebh  Australia. 

Mr.  Harrt  p.  Woodward,  F.G.S.,  GovernmeDt  Geologist  for 
Western  Australia,  seods  some  interesting  particulars  of  both  ooal 
aud  tin  discoveries  in  that  colonj.     He  writes  : — 

*'  From  Vasse  I  made  for  the  Lower  Blackwood  River  Bridge, 
over  the  foot  of  the  Darling  Range,  and  so  on  to  the  Donelly  River. 
On  the  south  coast,  where  a  small  stream  flows  out,  called  the  FIj 
Brook,  coal  has  been  found  of  a  very  good  quality,  but  there  is  no 
port  nearer  than  Albany  or  Vasse,  and  this  latter  is  not  a  good  one. 
There  seems  to  be  a  line  of  coal-bearing  country  between  the  coast- 
range,  which  runs  north  and  south  from  Gape  Leeuwin  to  Cape 
Naturalist,  and  the  main  highlands,  the  southern  continuation  of  the 
Darling  Range,  covered  with  sand  and  swamps  at  the  surface,  but 
under  these  I  believe  we  shall  find  Coal-measures  which  may  in  &ct 
extend  west  beneath  Perth  to  the  Irwin  River,  but  this  can  only  be 
tested  by  deep-borings. 

**  There  was  nothing  to  be  seen  of  the  coal  or  rocks,  as  they  are 
boring  with  a  'jumping-drill,'  which  reduces  everything  to  mod, 
but  there  is  one  5ft.  seam  and  several  smaller,  averaging  1 7fL  of 
coal  in  200  feet  of  rock.  There  are  two  or  three  outcrops  in  the  bed 
of  the  Creek  of  a  much  weathered  but  good  coal,  some  of  which  is 
highly  bituminous.  From  Bridgetown  I  went  to  Albany,  and  tbenoe 
east  200  miles  to  the  Phillips  River,  and  saw  the  Fitzgerald  Coal- 
field. Tliis  is  only  brown-coal  or  lignite  of  no  value,  but  there  is 
some  good-looking  gold-bearing  country  near  it." 

Tin-ore. — In  reference  to  the  Tin-discoveries  Mr.  H.  P.  Woodwanl 
writes ; — 

**  From  Bunbury  I  went  towards  the  Upper  Blackwood,  to  a  place 
called  Bridge-town,  where  tin  has  been  met  with  :  little  work  has  been 
done  yet,  but,  as  far  as  I  am  able  to  judge,  it  seems  to  indicate  the 
biggest  thing  of  the  kind  that  has  ever  been  found.  One  shaft  18ft 
deep  will  *  wash  '  all  the  way  down  at  about  four  or  five  lbs.  to  the 
pan,  and  they  have  not  got  to  the  bottom  of  it  yet  The  richest 
works  in  other  Colonies  are  rarely  more  than  two  or  three  feet  deep 
Tin  has  been  found  at  the  surface,  in  the  sand,  over  an  area  of  about 
100  square  miles ;  but  no  sinking,  except  the  one  shaft,  has  yet  been 
made ;  and  as  the  surface  is  covered,  either  with  sand  or  clay-iron- 
stone, the  formation  cannot  be  seen  at  all.  The  late  Mr.  Edward  T. 
Hardman,  F.G.S.,  suggested  that  tin  would  be  found  here.  The 
shaft  shows  a  few  inches  of  soil  or  alluvium  with  gravel  containing 
tin,  where  it  was  first  found,  resting  on  hard  masses  of  clayey 
fen'uginous  sandstone,  about  one  foot  thick,  then  coarse  quarts-grit 
with  stream-tin  and  tourmalines  and  a  few  *  colours '  of  gold. 
17t't.  not  gone  through  yet,  as  there  was  too  much  water  :  about  i  in 
weight  being  tin-ore." 

Erratum. — In  the  first  part  of  Messrs.  Wilson  and  Crick's  paper 
on  the  *  *  Liaa  M  arUtone  oi  TiYlon,"  m  VXi^  i>j\^  ^xjasJow^  ^o.  *I^V^^^^  ^m*»  Norton 
was  by  mistake  stated  to  he  in  the  coxuit^  oi  13w\i^^MA\M^*«A.KA.\^^M^^^ 
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!. — Or  the  Relations  bbtwexn  the  Obnexa  SntiKaoMrKs,  Hinds, 

AND      BOSMEKIA,    EdwAODS     AND     HaIUE,    AND    ON    THE     QbNUS 

Caliapoiu,  Scblqteb. 

B;  H.  Allithb  Nioholmn,  U.D.,  D.Sc,  P.G.8., 
Bagini  ProfeBsor  of  N&tan]  Hiitory  in  the  UniTenitj  of  Aberdeen. 

tN  a  recent  pnblioktioa  ("  Antbozoen  dee  rbeinisclien  Mittel-devon," 
1889)  ProfessoT  Schliit«r  haa  put  forward  the  oonoluaioD  that 
he  genus  Syringolittt,  Hinde,  is  identical  with  the  much  older  genua 
loeBwn'a,  Bdwards  &  Haime,  the  former  name  thus  becoming  a 
aere  Bynonym.     From  this  oonolusion  I  feel  obliged  to  dissent,  and 

propose  to  show  in  the  following  brief  comtnanicntion  that  Botmeria 
,nd  Sgrivgolitei  are  distiaguished  by  important  morphological 
baraoters,  and  that  the  latter  is  fully  entitled  to  generic  rank. 

The  genus  Syri«goliu$  was  founded  by  Dr.  Hjnde  (Gkol.  Mac. 
Dee.  II.  Vol.  VI.  p.  244,  1879)  for  the  reception  of  a  beautiful  and 
Dleresting  coral  from  the  Kiagara  LimeatoQe  of  Canada,  to  which 
ha  name  of  S.  Suronentit  was  given  by  its  describer.  The  same 
pecies  has  Bubaeqaently  been  recognized  as  occurring  in  the  Wenlock 
jimeatone  of  Gotland.  The  oorallam  in  S.  Huronetuia  (Fig.  1) 
H  compoBite  and  haa  the  form  of  a  flattened  expansion,  furnished 
vith  a  basal  epitheoa,  and  oloeely  similar  in  general  aspect  to 
pecimens  of  the  massive  forms  of  Favotitet,  such  as  F.  Gothiandira. 
The  corallites  resemble  those  of  Favoiitet  proper  in  being  prismatic, 


^10.  1. — A,  A  fragment  of  a  coIodt  of  Bgnngaliut  Suramaiu,  Hinde,  of  the 
nalanl  liie;  b,  A  aiBgla  c&lice  of  the  oiiDe,  enlarged  eifiht  timea,  ehowinf;  the 
central  tube,  uid  radiBtiDe  lines  of  eapUl  tubercles  j  c,  Part  of  a  corallite  of 
the  same,  iplit  open,  and  enlarged  six  timea,  showiDg  the  eompoaition  of  the 
central  tube  ont  of  iaTnpnated  tabnle ;  d,  Port  at  &  coTaWAe  ol  'L'a«(axa«, 
riewsd  hjiia  the  exterior  and  enluved  six  times,  B^icnring  i^e  laaxi^  '^at«%. 
A'iagMiM  Limtttooa,  Afanitoulin  Island,  Ontario. 
"tMDM  au—Tot,,  vi.—tio.  J.  ^i 
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tbin-walled,  olosely  oontigaous,  and  famished  with  one  or  more 
rows  of  small  maral  pores  on  each  prismatio  faoe.  The  corallites 
are  interseoted  by  numerous  annular  tabulaa,  which  are  inTaginated 
centrally  so  as  to  give  rise  to  a  median  qylindrioal  tobe,  which 
occupies  the  centre  of  each  visceral  chamber,  and  is  furnished  with 
imperforate  walls.  The  upper  surfaces  of  the  tabulsB  show  well- 
marked  septal  ridges  (primarily  twelve  in  number),  which  are 
covered  with  minute  tubercles  or  spines,  two  to  four  rows  of  Bach 
tubercles  apparently  corresponding  with  a  single  septal  fold. 
Increase  of  the  corallum  takes  place  by  interoalioinal  gemmation. 

The  essential  characters  of  Syringolites  HuronenmB^  as  above  briefly 
described,  are  that  the  prismatio  corallites  are  /Ain-tooZ/ecZ,  and  are 
furnished  with  numerous  regularly-distributed  mural  pores,  while 
the  septal  system  is  fairly  represented  by  radiating  tubercolated 
ridges,  which  are  primarily  twelve  in  number  in  each  corallite. 

The  OTily  corals  which  have  been  recognized  as  belonging  to  tlie 
genus  Boemerta,  E.  &  H.,  are  the  £.  (Calamopora)  infundihvUfen 
of  Goldfuss,  and  the  B,  minor  of  Schloter,  both  of  which  occur  in 
the  Middle  Devonian  of  Germany.  I  have  had  the  opportunity  of 
examining  the  original  specimens  of  the  former  of  these,  which  are 
preserved  in  the  University  Museum  in  Bonn ;  but,  so  far  as  I  am 

.  aware,  no  complete  microscopic  examination  of  these  has  ever  been 
carried  out.  There  is,  however,  no  doubt  that  R.  minor,  Schliiter,  is 
congeneric  with  B.  infundihulifera,  Goldf.,  and  through  the  kindness 
of  Professor  Schliiter,  I  have  been  enabled  to  make  a  thorough 
microscopic  investigation  of  the  former,  which  I  shall  therefore  tdke 
as  the  type  of  the  genus  Boemeria, 

llie  corallum  in  Boemeria  minor  forms  small  flattened  expansions, 
composed  of  erect,  polygonal,  and  contiguous  corallites.  Thin 
sections,  both  transverse  and  longitudinal  (Figs.  2  and  3),  show  that 
the  corallites  are  bounded  by  a  thin  and  well-developed  primor- 
dial wall,  which  is  enormously  thickened  by  a  dense  deposit  of 
secondary  sclerenohyma  ("  stereoplasma "),  the  visceral  chamber 
being  thus  greatly  constricted.  The  visceral  chamber  of  the 
corallites,  thus  restricted,  is  traversed  by  a  succession  of  infondi- 
buliform  tabulae,  which  are  invaginated  one  into  another,  but  can 
hardly  be  said  to  give  rise  to  a  definite  median  tube.  The  septa  are 
practically  undeveloped,  though  one  may  occasionally  observe  blunt 
vertical  ridges,  which  are  possibly  of  a  septal  nature.  The  mural 
pores  are  of  very  large  size,  and  comparatively  few  in  number,  and 
are  quite  irregular  in  their  distribution ;  while  owing  to  the  enor- 
mous thickening  of  the  walls  of  the  corallites,  they  present  them- 
selves as  elongated  canals  joining  the  visceral  chambers  of  contiguous 
tubes.  Increase  of  the  corallum  takes  place  by  means  of  intermural 
gemmation. 

From  the  above  short  description  of  the  structure  of  Boemerta 
minor,  as  illustrated  by  the  accompanying  figures  of  thin  transverse 
and  vertical  sections,  \t  will  be  obvious  that  Syringolitea,  Hinde,  differs 

in  characters  of  fundametvlaV  vKi^oxV^w^  \\wsi  "^wt^ctxo.^^  &  H. 

This  will  be  suf&clenUy  eV\de»ii\.ito\siV)vi^iQ\Ww\\i^%Ms^^ 
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(1)  The  corallitee  in  Boemeria  are  enormously  thickened  by  a 
■eooiidary  deposit  of  Btereoplaaata ;  wliereae  tljose  of  Syriugolitet  are 
thin-walled,  and  resemble  tboee  of  FavotiUt  proper. 

(2)  The  mural  pores  of  Boemfria  are  of  large  size,  are  few  in 
nnniber,  and  are  irregularly  distrihuted ,-  whereas  those  of  Sgringo- 
lilet  resemble  the  pores  of  Favotitet  proper  in  being  of  small  size, 
nnmerons,  and  regularly  distributed. 


(3)  Tbe  aeplal  syslero  in  Soemerin  is  rudimentary  or  absent ; 
whereas  inS^r/nyo/Zfrji  each  corallite  Ik  pruvideAwuVvitW  ?k%'^^'s^^ 
septal  ridges,  the  number  of  these  stiuctuvea  \n  eacV  \.\)toei  wii^«a.tva% 
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to  be  primarily   twelve,    oa   U    the  case  in   SetiotiU;   Ealjiila, 
Sgringopora,  etc 

Upon  the  whole,  therefore,  it  cannot  be  doabted  tbat  Sjfrimgdilti, 
Hinde,  is  generically  distinct  from  Boemeria,  K  d^  H. ;  and  it  ii 
not  even  olear  that  the  two  are  \ery  nearly  related.  If  the  septal 
ayBtetn  of  Roemeria  bad  been  developed,  the  genus  might  b« 
legarded  as  occupying  to  St/rinijolitet  a  position  analogDoa  to  tbst 
lirld  by  Paehypora  with  regard  to  FavotiUt  proper ;  and,  possibly, 
tliis  view  may  be  found  ultimately  to  express  the  real  relationihips 
of  the  two.  Both  genera  afford  transitional  links  between  tb« 
F'lvogilida  and  the  Syrtngoporida ;  but  their  precise  relationshtpi 
must  in  the  meanwhile  remain  more  or  lees  a  matter  of  conjecture. 
GcHtrs  Caliafoba,  Schlfiter. 

Tlie  genua  Caliapara  baa  been  propoaed  by  Profeeeor  Sohliiter  for 
the  reception  of  the  well-known  AlBtoUUt  JiatUrabyi,  E.  &  H.,  &nm 
the  Devonian  rooks  of  Britain  and  Gennany.  I  have  long  been  of 
opinion  that  the  peculiarities  of  A.  Batterthyi  are  euch  that  it  it 
worthy  of  aepatatioa  from  AlveoliUt  proper,  as  a  dietinot  genus  or 


Fio.  *.— A.  TranvMse  «ection  o(  Caliapora   BatUnivi,  E.  &  H.,  sp.  • 

Ktiea  times.     B.  Vertical  section  of  the  uung.    From  the  Uiddle  Bctihuu 
of  DtirtiDgton,  South  Deroa. 

BubgenUB ;  and  I  am  therefore  able  to  cordially  concur  in  the  codtm 
wbicb  ProfesBor  Schliiter  has  taken.  At  the  same  time  I  interpnt 
the  Btructure  of  A.  Ballertbyi  in  a  somewhat  different  manner,  and 
I  consider  that  tbe  faniiliar  Aheolilet  Laheehei  of  the  Wenlock 
Limestone  must  find  a  place  along  with  A.  BaUertbyi.  I  cannot, 
therefore,  accept  Professor  Schliiler's  definition  of  CaUapora  u 
altogether  sufficient;  and  I  ahall  endeavour  here  to  indicate wbti, 
in  my  opinion,  are  the  essential  characters  of  the  genus. 

In  both  C.  Batterebgi  and  C.  Laheehei  the  corallum  has  all  tb« 
general  characters  of  that  of  Aheolilet  generally,  and  there  is  then- 
fore  no  external  feature  whidi  dinlinguishes  tbe  genus  Coliopars. 
Jn  C.  Bitlltrthyi,  as  pointed  ovit  ^I'j  Sc\iVa.\iM,\V's  t9^i&U,\<tea  are  inb- 
poljgonal  and  iiregulat  \n  rYio.^  li^Sft-  ^"^v  >»*  ^>»  5--— — ■- 
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not  a  vital  one,  >inoe  in  C.  LabecM  the  tulws  have  commonlj  the 
compresaed  form  and  alternating  arrangement  which  is  characterielio 
of  the  t3rpical  forms  of  Alveolitet.  Again,  little  imiwrtanoe  can  l>e 
ittached  to  the  mode  of  distribution  of  tlie  mural  pores,  since  in 
C.  Labeehei  theae  Btrnoturea  seem  to  be  confined  to  the  short 
nds  of  the  oompreseed  oorallitea,  whereas  in  C.  BaUtrtbyi  they  are 
iMerted  b;  Scbliiter  to  occur  indifferent!;  on  all  the  faces  of  the 
DOrallites.  Of  still  less  importance  is  the  supposed  absence  of 
tabnliB,  sinoe  this  rests  upon  a  inisconoeption.  Not  only  are 
tabular  largely  present  in  C.  Laheeiei,  but,  in  all  the  ^>eoimene  of 
C.  Batterihyi  whiob  I  have  examined,  I  have  found  these  structures 
to  be  fairly  well  developed,  though  they  are  often  oomporatively 
few  in  number  (Fig.  4,  a).  Some  of  the  tabulte  of  C.  Battertb^i 
bave  the  ordinary  form  of  complete  transverse  plates ;  but  this 
■peoies  is  furnished  in  addition  with  numerous  imperfect,  cup-like 
tabuUe,  which  project  but  a  short  way  into  the  vieoeral  chamber 
of  the  oorallites,  and  which  bave  been  compared  by  Professor 
Bcblflter  with  swallows' -nests  attached  to  the  wall  of  a  house.  In 
U.  Laheehei  all  the  tabalie  seem  to  be  complete,  and  there  are  none 
]f  the  peculiar  incomplete  or  squamous  tabulaj  which  occur  in 
C.  BaUenbgi. 


'lO.  t. — A,  TVanirene  leetiDD  of  Cali*para  Liiitein,  H.  Ss  H.,  ip.  enlarf^  six 
timei.  B.  Vertical  uctiaD  of  the  ume,  Bimilu-lj  eolai^.  From  the  Wenlock 
LimesloDe  of  Uuch  Weolock. 
The  most  oharacteristio  feature  of  the  genns  Caliapora,  an  oom- 
>ared  with  AtveoliUi,  is  to  be  found  in  the  foot  that  the  oorallites  are 
trovided  with  numerous  strong  ascending  tooth-like  processes, 
vhich  must  be  regarded  as  of  the  nature  of  septa  (Figs.  4  and  5). 
The  existence  of  these  strong  tooth-like  spines  in  Caliapora  Bal- 
ertbyi  is  reoognized  by  Scbliiter,  but  they  are  regarded  as  being  due 
o  the  intersection  of  the  cup-like  squamous  tabulie  above  spoken  of. 
n  this  view  of  their  nature  I  am  unable  to  agree,  and  I  regard  them 
lb  structures  having  an  independent  existence.  Tliis  is  clearly  the 
ate  in  C.  Laheehei  (Fig.  6),  where  their  septal  nature  is  quite  in- 
litpntable.  If  this  view  be  correct,  then  the  essential  feature  wh.\<^K 
listinguishes  Caliapora  from  A\veo\Ht%  is  t>\e  ■powafcsswTi  Vj  '&\'& 
'rrner  of  strong  tooth-like  eeptal  apineB,  viViic^  axa  46N(Ji.«'^^  ■« 
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a  oyole  within  eaoh  oorallite  in  C.  Laheehei,  but  are  fewer  in  irombeT 
in  C,  Batterahyi. 

Finally,  it  may  be  pointed  out  that  in  typical  examples  of  C.  Bai' 
terabyi  there  appears  to  be  the  peculiar  feature  that  the  walls  of 
certain  of  the  corallites  seem  to  be  specially  thickened^  thus  giving 
rise  to  strong  vertical  spines,  which  constitute  a  oonapicuoos  feature 
in  vertical  sections.  I  have  had  no  opportunity  of  observing  the 
termination  of  these  spine-like  thickenings  on  the  surface,  and  I  am 
not  clear  as  to  their  real  nature. 

11. — Prov.  £.  D.  GoPB,  ON  THE  Pbobosoidba. 

(PLATE  XIII.) 

THE  following  account  of  the  Proboscidea,  by  Pro!  E.  D.  Ck)pe, 
appeared  in  a  recent  number  of  the  "  American  Naturalist,^^ 
and  is  so  interesting,  that  we  venture  to  give  the  more  important 
part  in  full,  and  some  few  of  the  illustrations. — Edit.  Gsol.  Mao. 

''The  ProboBcidea  are  Ungulata,  in  which  the  second  row  of 
carpal  bones  has  not  moved  inwards,  so  as  to  alternate  with  the 
first,  and  in  which  the  second  row  of  tarsal  bones  alternates  with 
the  first  by  the  navicular  extending  over  part  of  the  proximal  hce  of 
the  cuboid.  The  teeth  are  modifications  of  the  quadri-tobenmlar 
type,  and  canines  are  absent.  To  these  general  characters  are  added 
numerous  subordinate  peculiarities  in  the  known  genera  and  apedes, 
which  make  them  among  the  most  remarkable  of  living  beings. 
These  peculiarities  are  the  result  of  a  long  period  of  development 
It  is  one  of  the  most  curious  facts  of  palaeontology  that  the  order 
does  not  make  its  appearance  until  the  middle  of  the  Miocene 
system,  and  the  greater  number  of  forms  do  not  appear  until  the 
upper  Miocene.  That  it  existed  earlier  cannot  be  doubted,  and  that 
it  originated  from  some  Eocene  Condylarthran  is  evident ;  bat 
the  intermediate  forms  are  entirely  lost  to  us  as  yet;  and  the 
phylogetiy  of  the  order  is  absolutely  unknown.  This  is  the  more 
extraordinary,  since  the  earliest  known  genus  (Dinotkerium)  emhrooefl 
only  species  of  colossal  size,  and  its  immediate  ancestors  could  not 
have  been  insignificant  We  may  regard  Phenacodua  as  the  first 
form  we  know  of  earlier  than  Dinotheriumf  but  what  a  hiatua  is 
expressed  in  this  statement.  It  is  to  be  anticipated  that  the  gap 
will  be  filled  by  discoveries  in  Asia,  or  the  Southern  Hemisphere. 
South  America  may  be  probably  excluded  from  this  prospect,  since 
the  extensive  researches  made  there  by  Burmeister,  Ameghino,  and 
Moreno,  have  not  resulted  in  the  discovery  of  any  Proboscidea  earlier 
than  the  Pliocene.  Asiatic  investigations  have  revealed  nothing,  as 
the  proper  formations  have  not  been  found,  and  the  same  is  true  of 
Africa.  So  we  shall  have  to  wait  until  the  palaeontology  of  the 
present  home  of  the  order  is  exposed  to  view^  before  we  shidl  know 
of  the  steps  which  lead  from  Fhenacodus  to  these  mighty  monarchs 
of  the  animal  kingdom.  The  absence  of  primitive  Proboscidea  from 
North  and  South  America  and  Europe,  impels  us  to  believe  that  the 
I'epresentatives  of  tbe  ordet  Vno'wtv  vo  w&  Vcwci  \3aa%"^  regions  are  the 
descendants  of  imnngraiita  itom  K«v«^  wv^  KixSsa.. 

»  No.  268,  April  lBft9,^^.  \9V-7.\\,^\.Sx-^'Hvwi^T!2fli^^wAtSQ.\».. 
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Adult  dentition  embracing  premolars  and  molars  ;  do  siiperior 
inoiiora — Dinoikeriida, 

Adnlt  dentition  embracmg  one  or  two  trne  molars  only ;  superior 
ittciforB — Elep  hantidte. 

The  family  of  the  Dinoihtriida  embraoes  one  genna  and  fonr 
■peoies,  though  a  fifth  speoiea,  D.  nndimie,  Lyd.,  from  India,  may 
belong,  aooording  to  Lydekker,  to  anotlier  genus.  The  AnofAenum 
itdicum,  Fala,  is  known  from  a  few  teeth,  wliich  exceed  in  size  tboss 
of  the  other  species.     The  D.  gigantettm,  Eaup,  is  found  in  several 


Fie.  1. — DintlAtrnim  infrntfum,  Kaup,  from  the  Hiddls  Hiocsne  of  Stmarnn 
(Gen),  Fianc«.  (After  Gcudrj.)  The  Ivft  npp«r  cheek^deatitian  (^  lut.  aze]. 
a  1,  1,  3,  tme  molan,  p.  3,  4,  premolaiB. 

Hiooeoe  deposits  of  Europe.  It  was  one  of  the  lai^eet  of  Mammalia, 
its  femur  exceeding  in  dimensions  that  of  any  other  land  mammal. 
The  inferior  incisors  were  robust,  and  cylindric  in  form.  With  the 
■ympbysis  of  the  lower  jaw  the;  are  decurved  bo  as  to  form  a  most 
sffaotiTo  instrument  for  the  tearing  up  of  trees  by  the  roots,  or  the 
pulling  down  of  their  branches.  The  temporal  fossa  is  lateral,  and 
the  top  of  the  head  flat  The  premaxillary  region,  though  toothless, 
is  prominent,  and  the  nasal  bones  do  not  project  There  is  supposed 
to  have  been  a  short  trunk.  The  skull  measures  three  feet  eight 
inches  in  length.  Two  smaller  species  are  known,  the  D.  baearicum, 
from  European,  and  D.  pentapotamite,  from  Indian,  Hiooene  beds. 

In  Dinothtrium  all  the  molars  and  premolars  have  two  transverse 
crests,  excepting  the  first  (posterior)  premolar,  and  its  deciduous 
predecessor,  which  have  three  cross-crests. 

The  genera  of  the  Elephantida  are  the  following  : 

I.  Inferior  indion  and  premoUn  praent     Bup«rior  incnois  with  SDsmsl  bsnd — 

niraiiltdoH,  Cope. 

II.  Premolsn,  bat  nonnallf  no  interior  inoiien ;   inteimediita  moUn  iumsroai ; 
niperior  intiMH  with  enamel-band  -  Diittadim,  Cope. 
Intermediate  moltn  isomeToiu ;  mperior  b"-^"  -ith™ 


(«fon.  Cut. 


n  mtbontei 


il  band— Jfoi- 


n  withoot  er 


OH,  Cope.' 
III.  No  pretnolara.  nor  inferior  incLaon. 

Intermediate  molari  heleromBroni.     Superior  iociNri  iKtIiQut  eoamal  h«i4. — 
XUpit,  Linn. 
'  Oen.  nor.  tj^,  Si(piM  Cli/tii,  tiio.  t  CmliL.  tMiu(ed«»«UpX<MUULu,C&tC^. 
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The  oharaoten  assigned  to  the  above  genera  are  sufficient  to 
separate  them,  but  they  have  not  come  into  general  use  for  two 
reasons.     One  is  the  difficulty  of  verifying  some  of  them,  especially 
the   presence  of  premolars,   owing  to  the  difficulty  of  obtaining 
specimens  of  young  individuals.     The  other  is  the  indisposition  of 
naturalists  to  abandon  the  system  of  Falconer.     As  is  well  known, 
this  able  palaeontologist  distinguished  the  genera  by  the  number  and 
depth  of  the  transverse  crests  of  the  molar  teeth,  and  the  extent  to 
which  their  interspaces  are  filled  with  oementum.   This  arrangement 
is  insufficient,  since  it  neglects  the  equally  important  characters 
above  mentioned;  and  as  observed  by  LydekkerV  it  fails  to  famish 
clear  definitions.   He  remarks,  under  the  head  of  the  genus  Elephas  :— 
"  There  is  no  character  by  which  the  present  genus  can  be  dis- 
tinguished from  Maatodon ;  and  the  division  can  be  therefore  only 
regarded  as  a  matter  of  oonvenienoe."    The  characters  presented  in 
the  above  table  are  on  the  other  hand  very  distinctive,  and  can  be 
applied  in  all  cases  where  we  have  the  necessary  information.    This 
has  not  yet  been  obtained  as  regards  all  the  species,  and  I  haye 
placed  some  of  them  in  their  respective  genera  provisionally.    Such 
species  are  marked  with  an  t,  when  the  condition  of  the  incisors  is 
unknown  and  with  a  p,  when  the  same  is  true  of  the  premolan. 
The  species  of  the  family  described  thus  far  are  as  follows:* — 

Mastodon  {Tetrabelothn)  bremdensy^  Cope,  sp.  dot.    N.  Amerioa,  up» 
,,  ,,  turieefuuj  Schinz.    Europe. 

,,  ,,  angtutidens,  Cut.     Europe. 

„  ,,  „  paUeindicust  Lyd.     India* 

,,  „  „  proavuSf  Cope,  N.  America. 

„  „  produetus.  Cope.    N.  America,  P  Mexico. 

„  ,,  euhypodoHy  Cope.     N.  America,  p. 

„  ,,  pafidionii,  Falc.  Cautl.     India. 

„  penteiiei,  Gaudry.^    Europe,  p, 

eampetter.  Cope.    N.  America,  p, 
longiro9tri$,  Aaup.    Europe. 
P  Mrruj^«,  Cope.    Texas,  P  Mexico,  P  Florida,*  t.|y. 
{Dibelodim)     shepardif  Lcidy.    California,  Mexico,  p, 
„  ,,  eordillerarum,*  Desm.     S.  America. 

,,  ,,  trcpUui,  Cope.    S.  America  and  Mexico,  p, 

,,  ,,  humboldtiij  Cut.     S.  America. 

Mastodon        amerieanut,  Cu?.''    N.  America. 
,,  boraonif  Hays.    Europe,  p, 

„  faieoneri,  Lydd.     India,  p, 

,,  miri/icut,  lieidy.    N.  America,  i,p, 

,,  tivaientiSf*  Cautley.     India,  p, 

^  Catalog:ue  of  Fossil  Mammalia  in  the  Brit.  Mus.,  pt.  iy.  p.  72. 
^  In  compiling  this  list  I  ha?e  been  greatly  aided  by  the  Memoirs  of  LyddEker.iB 
the  **  Palicontologia  Indica  **  and  the  Catalogue  of  the  British  Museum. 
^  M.  proavm,  Cope,  1884,  not  1873. 

*  According  to  Lydekker  no  premolars  have  been  seen  in  this  speciea. 

*  M 't Jhridanu9j  Leidy. 

*  M,  andium^  Cuv.  According  to  the  recent  researches  of  Burmeister,  this  ipeeiei 
does  not  possess  mandibular  tusks  (Sitzungsb.  Kon.  Preuss.  Akad.  Wias.,  Beriii, 
1888,  p.  717).  Hence  the  specimen  from  Mexico  with  such  tuaks,  reported  by 
Falconer,  must  be  assigned  elsewhere. 

^  This  species  is  said  by  Lydekker  not  to  possess  premolars.     Leidy,  Report  U.S. 
Geo!.  Surv.  Terrs.  PL,  figures  a  tooth  as  a  premolar,  and  similar  specimena  are  not 
ncommon. 
^  ^vv.i\^og  to  Lydekker,  ptemo\ax«  Ya.'^^  iio\.\)«^Ti  oW.rt«i« 


>>  »» 

»»         _      »» 


FoMMa  or  Pboboboideah  Moi^BlB. 

To  illwtrats  Pnbmot  E.  D.  Cope't  papei  on  ftio  ¥io\>ok,\4< 


.r 


Ffiff.  E,  D.  Cop»—On  the  Proboicidea.  441 

t,  0.  k  J.    Europe, 
f  pw^foiitHtii,  Ljd.     Indu,  p, 
laluUm;  Clift      ludiR. 
EmmnoJoH     tlipkanlaid—,' Cl\It=  EUphai,  Cl'ftii.    India  to  JspKQ. 
{Zl.)  „  planifroH*,  Falc  &  CautL     lodia. 

Eltpha$  bouMfma,  Falc.  &  CauCl.     lodia,  FChin*. 

„  f  wwM,  F*Ic.  £  Cautl.     Itidia. 

„  uu^nit,  Falc.  &  Csatl.     India  to  Japan.      [S.  Afrin. 

„  mtridimalit,  Ifesti.     Middle  and  Sonth  Europe,  and 

„  Myiudrieui,  Pale.  &  Cant].     India. 

„  MfigHKi,  Fale     Europe.     P  W.  Afdca. 

„  mKMidruiuU,  Leith-Aoami.     Malta. 

„  mtlilmtit.  File.    Malta. 

„  namaditut,  Falc.  &  Cantl.     India  to  Japan. 

„  pfiniftHiut  ealumii,  Falc.    N.W.  America  and  Mexico. 

„  „         primigtriiut,  Blum.     Northern  Hamisphuro. 

„  „        ammMHHt,  Ds  Ka;.    N.E.  Amedc&. 


. — Matindmi  ItHgircttrit,  Kaop,  Upper  Hiocena,  Eppebhnin,  Heaiea* 
innatsdt.     (Alter  Oandr;)  the  left  mQk-molan  (nat.  rite). 

tbeae  we  must  add  the  two  existing  species  EUpha*  afrieanm 
':  indieoM.  Several  species  are  not  sufficient!]'  known  for  refer- 
to  their  proper  genus.  Such  are  Mastodon  penmauit,  Falo., 
,  India ;    M.  atliau,  Wagn..  S.  £urope ;    Jtf.  terrid^nt.  Cope, 

;  M.  eauUeyi,  hyA.,  India ;  and  M.  ^Aieunu,  Leidy,  N. 
ioa.     In  these  the  oharaoters  of  both  the  incisor  and  the  pre- 

teeth  are  unknown.  In  some  of  the  species  referred  above  to 
doD,  mandibular  tasks  are  present  in  the  yoting,  and  occaeion- 
ae  is  retained  to  maturity,  as  somelimee  seen  in  Jtf.  Amerieanvi. 
loh  individuals  are  exceptional  among  their  species.  In  some 
species,  wliile  the  nialei  posseea  them,  they  are  wanting  in  the 
».  The  speoiBc  character  is  in  this  case  derived  from  the  male. 
>  molar  dentition  in  this  family  possesses  a  number  of  peou- 
M  which  have  been  worked  out  mainly  by  Fiilconer,  Owen, 
jjdekker.  There  are  probably  deciduous  molars  in  all  the 
e,  and  they  are  generally  three  in  number ;  the  posteiior  of 
has  the  same  number  of  cross-crests  as  the  posterior  premolar, 

immediately  succeeds  it.     The  number  of  crests  diminishes 

first  of  the  series.     There  are  two  or  three  premolars  in  taoiit 

'JtMoOai,  Clift.;  «(v«dM,Falc.-,  £I«i)Hii«, L^^. 
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forms  of  tbe  fatnily,  but  in  tbe  genns  ElepkaM  tfaey  have  disappeared. 

In  all  the  species  they  are  shed  early  in  life  in  order  to  make  way 

for  the  true  molars.     As  the  latter  teeth  are  very  large,  and  the  fore 

and  aft  extent  of  the  jaw  is  small,  there  is  only  spaoe  for  one 

or  two  of  them  at  a  time.    In  most  of  the  species  the  last  molar  so 

much  exceeds  the  others  in  size,  that  it  ocenpies  the  entire  jaw,  and 

the  other  molars  are  shed  in  order  to  accommodate  it.    In  the  genera 

Tetrahdodon,  Dibelodon  and  Mastodon,  the  last  premolar,  and  the 

first  and  second   true  molars  are  isomerons,  t.e.  have  the  same 

number  of  cross-crests.     In  Emmenodon  and  Elephas  they  are  hetero- 

merous;  that  is,  the  number  of  cross-crests  suooessiTely  increases 

from   front  to   rear.     Thus  in  the  three  genera  named  the  ridge 

formula  is :  P.M.  2-2-3 ;   M,  3-3-4  and  P.M.  ?-?— 4 ;   M.  4-4r^  or 

4-5-6.      In   Emmenodon  the    ridge  formula  is   P.M.  ?-?-?--6 ;  M. 

6-7—6—7-8;  and  P.M.  ?— 6-7;  M.  7—8-9—10-12.    In  Elephas  the 

formula  extends  from  M.  6—6-7—8-9,  to  M.  9-15—14-16—18-27. 

Each  genus  then  has  a  certain  range  of  variation  in  the  number  of 

molar  crests,  extending  from  a  smaller  to  a  larger  number.    This 

successive  increase  in  complexity  has  been  regarded  by  Falconer  as 

the  index  to  the  successive  evolution  of  the  specieSy  and  rightly  sa 

As  already  remarked,  however,  other  measures  of  the  same  suooes- 

sion  cannot  be  overlooked,  especially  as  the  ridge  formula  obangH 

in  so  gradual  a  manner  as  to  render  it  unavailable  as  a  baaia  of  exact 

divisions,  as  has  been  remarked  already  by  Lydekker.     It  is  evident 

that  the  primitive  Proboscidea  had  incisor  teeth  in  both  jaws,  and 

that  these  had  more  or  less  of  the  usual  enamel  investment    The 

gradual  modifications  of  these  features  is  therefore  another  indication 

of  the  line  of  descent  of  these  animals.     The  primitive  Proboscidea 

had  likewise  four  premolars,  as  is  now  seen  in  Dinotherium,    The 

successive  loss  of  these  teeth  is  no  less  an  index  of  the  evolution  of 

the  modem  types  of  the  order,  than  the  other  modifications  referred 

to.    In  general,  then,  the  phylogeny  of  the  order  may  be  represented 

thus : 

Elephas 

Emmenodon 

Mastodon  Dibelodon 

\  / 

Tetnbelodon 
Dinotherium 


Primiti?e  Proboscidea. 

Within  each  genus  certain  parallel  modifications  of  the  oomposi- 
tiuu  of  the  crowns  of  the  molar  teeth  may  be  observed.  The  cross- 
crests  may  be  single,  or  they  may  be  divided  up  into  tubercles. 
The  valleys  between  them  may  be  open,  (1)  or  they  may  be  blocked 
by  (2)  a  system  of  single  intermediate  tubercles ;  (3)  by  numerous 
intermediate  tubercles;  or  (4)  by  the  thickening  of  the  primary 
tubercles.     I  arrange  the  species  according  to  these  oharaotera. 
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1.    T.fbrtvidMt. 

M.  bor«mi. 
U.  lalideia. 

J),  iktpardi. 

M.  IcatHttsi. 

D.  cordiOerarum. 

M.fttleimtn. 

T.tnridau. 

J}.tropiaa. 

T.mMtpoOoH. 

3.   T.tampM^. 

D.  iumiMlii. 

Hr.  nfobuif. 

,.  '■'-^- 

tM.attieat. 

Parallels  between  tiie  ipeoiee  of  EmmenoA<m  and  Elephas  also 
exist.  As  but  two  species  of  the  former  genus  are  known,  we  must 
look  for  future  disooveries  to  increase  the  number  of  correspondences. 
The  speoiee  of  both  genera  which  approaoh  nearest  to  Mastoilon 
have  a  smaller  namber  of  cross-crests,  which  are  of  leaser  elevation, 


Fio.  3.~&iphiu  planifniu.   Polo,   k  Ciutl.       Pliocens,   Siwalik  Hilb,   1 
T«rtic«l  longitudiosl  Bection  of  Snd  upper  tne  molar  (^  natunl  die). 
a,  cemeat ;  t,  soamel ;  e,  deotiDe. 

and  wbose  interrentng  valleys  are  occupied  by  but  a  shallow  deposit 
of  oementum.  These  are  the  SUgodoat  of  Falconer;  (1),  In  the 
other  group  (2)  the  crests  are  numerous  and  elevated,  and  their 
interspaoes  are  filled  with  oementum. 

Ekmbnodoh.  Elsphas. 

1 .  S.  »itp\tmtiiidti,  E.  b</mi\/roni. 

S.  ganutt. 

2.  £.j>Imf/'n>M(weFig.  3).  E.  mtridiontU: 


It  is  observable  that  each  type  of  molar  teeth  of  the  three  genera 
Srat  compared  has  representatives  in  the  regions  where  their  species 
utxiui :  North  America,  Europe,  and  India. 

The  North  American  species  of  this  family  are  distinguished  by 
the  following  characters  of  the  molar  teeth'." 

Natsralist,  1SB4,  p.  6Z4. 
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I.  Intermediate  molars  with  not  more  than  three  ereati  (trilophodaot). 

a.  Crests  acute,  transverse. 
^.  Valleys  unintemipted. 
Last  superior  molar  with  three  crests  and  a  heel ;  crests  low,  not  senated.— f. 
brevid$n». 

Last  superior  molar  with  four  crests  and  a  heel ;  crests  doTated,  not  ssEnted.— 
jfcf.  Americanus. 

fi$.  Valleys  interrupted. 
Edge  of  crest  tuberculate. — T,  terrident, 

oo.  Crests  transTerse,  composed  of  conic  lobes. 
^.    Valleys  little  interrupted. 
Last  inferior  molar  narrow,  with  four  crests  ;  an  accessory  taberde  in  each  thBsj. 
D,  thepardi. 

^.    Valleys  interrupted. 
Last  inferior  molar  with  four  crests  and  a  heel ;  symphysia  shorty  If.  160 ;  smdlff 

size. — T.  euhypodon. 
Last  inferior  molar  with  four  crests  and  a  cingulum,  symphysis  longer,  M.  280. 

Size  medium. — T,  prodttctut. 
Last  inferior  molar  with  fiye  crests  and  a  heel,  symphysis  yecy  long,  M.  4«Mh 
Size  largest. — T.  anguttidtiu, 
*aaa.  Crests  broken  into  conic  lobes  ;  those  of  opposite  sides  alternatiog. 
Last  inferior  molar  narrow,  supporting  four  crests  and  a  1m«1. — T.  ohseurusJ* 

II.  Intermediate  molars  witn  four  transverse  crests  (tetralophodont). 

A  long  symphysis ;  crests  well  separated,  tubercular,  with  aooessorj  lobes  inter- 
rupting valleys. — T.  campetter, 

S3rmphysi8  very  short ;  crests  thick,  dosiag  valleys  by  contact ;  no  aooessoiy  cu^ 
(liidy). — JT.  miriJicM, 

III.  Intermediate  molars  with  9-16  crests. 

/3.  Valleys  filled  with  cementum. 
Last  molar  with  18-27  cross-crests. — Elephas  primigeniut. 

The  stratigraphicol  position  of  these  species  is  as  follows : — 

rieistocene. 

Mastodon  americanus, 

Elephas primigenitu  (less  abundant). 
Pliocene. 

FJephas  primigenitu  (more  abundant.^ 

Tetrabeiodon  •errident  (horizon  probable). 

Dibelodon  shepardi 
Upper  Miocene  (Loup  Fork). 

Tetrabelodon  euhypodon, 
„         productua, 
ff  anguatidens. 

ff         eampeater. 

Mastodon  mirificus, 
Ticholcptus  bed. 

Tetrabelodon  brevidens,*^ 

Prof.  Cope  then  proceeds  to  gire  an  account  of  the  American 
species,  M.  (Tetrabelodon)  obsciirua,  Leidy,  M,  (Dihelodon)  Shepardif 
Leitly ;  the  latter  of  which  is  from  the  Pliocene  of  the  valley  of 
Mexico.  M.  (Tetrabelodon)  brevidenSy  Cope,  is  the  oldest  North 
American  species,  and  presents  a  very  simple  type  of  molar:  it  is 
from  the  Ticholeptua  bed  of  Montana.  M.  Tetrabelodon  anguatidenSt 
Cuv.,  occurs  in  the  Loup  Fork  beds  of  Kansas,  Nebraska,  and 
Dakota.  The  molar  teeth  exceed  in  size  those  of  the  typical 
European  form.  "It  may  become  necessary,"  says  Prof.  Cope,  ''to 
distinguish  this  form  as  a  species  under  the  name  of  Tetrabelodon 
proavus,**     The  author  adds  that,  **  Probably  this  species  has  been 
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recorded  by  Whitfield  from  the  Phosphate  beds  of  South  Carolina, 
and  compared  with  M,  obscurus.^^  A  figure  of  the  European  form 
IB  given  on  p.  447,  Fig.  6.  If.  (Tetrcibelodon)  euhypodon,  Cope,  is 
also  from  the  Loup  Fork  beds  of  Kansas,  and  is  known  by  a  nearly 
perfect  left  mandibular  ramus,  with  last  molar  tooth  and  tusk,  and  an 
entire  palate  with  both  last  molar  teeth  and  tusks.  **  The  superior 
tusks,"  says  Cope,  "  are  compressed  distally,  and  the  inferfor  tusks 
are  large  and  have  an  enamel  band ;  they  are  cylindrio."  M, 
{Tetrabehdon)  productus,  Cope,  is  abundant  in  the  Loup  Fork  beds 
of  New  Mexico ;  it  is  the  only  species  in  which  three  upper  pre- 
molars have  been  demonstrated ;  other  species  having  generally  two. 
Jf.  Tetrabelodon  campeaier.  Cope,  is  a  rather  large  species,  with  a 
very  long  symphysis  of  the  lower  jaw  and  a  low  ramus.  It  is  in 
some  measure  allied  to  M.  (T.)  longirostrts  of  Europe,  but  the 
symphysis  is  longer  and  the  teeth  more  complex.  This  species  is 
also  from  the  Loup  Fork  beds  of  Kansas  and  Nebraska.  M,  (DibeJo- 
don)  Shepardi,  Leidy,  was  founded  on  an  inferior  sixth  molar  from 
California.  Cope  subsequently  described  other  specimens  from  the 
Pliocene  of  Mexico,  where  it  is  abundant.  M.  (Tetrabehdon)  serri- 
dena,  Cope,  was  founded  on  a  first  or  second  true  molar  from  Texas. 
It  is  peculiar  among  American  species  in  its  acute,  elevated,  entire 
crests  with  tuberculo-seri-ate  edges. 

Mastodon  mirificus,  Leidy,  is  known  from  a  left  ramus  of  a  lower 
jaw  which  supports  the  last  molar.   Its  symphysis  is  short  and  acute. 

'*  Mastodon  Americnnus,  Cuv.,  is  the  best  known  and  latest  in  time 
of  the  American  elephants.  It  is  one  of  the  largest  species,  and, 
after  T,  brevidens,  possesses  the  simplest  molar  dentition.  The 
symphysis  of  the  lower  jaw  is  short  and  decurved.  The  skull  is 
wider  and  less  elevated  than  that  of  the  Mammoth,  and  the  tusks 
are  shorter  and  less  recurved.  It  was  very  abundant  during  the 
Pleistocene  age  throughout  North  America,  from  ocean  to  ocean,  and 
as  far  south  as  Mexico;  but  it  has  not  been  found  in  the  latter 
country.  Its  remains  are  usually  found  in  swamps,  in  company 
with  recent  species  of  Mammalia,  and  with  Equus  fraternus  and  Bos 
Jatifrons,  The  carbonaceous  remains  of  its  vegetable  food  have  been 
found  between  its  ribs,  showing  that,  like  the  Mammoth,  it  lived  on 
the  twigs  and  leaves  of  trees. 

It  is  at  first  sight  curious  that  this,  the  simplest  of  the  family  of 
Elephants  in  the  characters  of  its  molar  teeth,  appears  latest  in  time 
on  this  continent  But  it  must  be  regarded  as  an  immigrant 'from 
the  Old  World,  where  an  appropriate  genealogy  may  be  traced.  Its 
nearest  ally.  Mastodon  borsonii,  existed  just  anterior  to  it,  during 
the  Middle  and  Upper  Pliocene,  and  this  species  was  preceded  in 
turn  in  the  Middle  and  Upper  Miocene  by  the  T.  turieensis,  which 
possesses  the  same  simplicity  of  the  molar  teeth.  In  its  mandibular 
tusks  the  latter  possesses  another  primitive  character  which  was 
nearly  lost  by  its  North  American  descendant." 

**  Elephas  primigeniuSy  Blunienbach,  *  the  Mammoth,'  was  at  one 
time  distributed  throughout  North  America,  as  far  south  as  the 
valley  of  Mexico  inclusive.     Its  remains  are  found  in  the  U|^|^er 
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P1iooai«  of  Oregon,  *nd  in  the  Pliocene  of  ll«xico,  nnMooiDpaiiieJ 
b;  the  MattodoH  amrrietmut,  which  bad  not  mppeared  by  that  tims, 
In  the  Eaatern  States  its  remaioa  oocor  with  those  of  the  Mattodm 


f  at  the  Big  Bone  Liok,  in  Kentucky.  It  was  not  foimd 
in  the  Port  Kennedy,  PennBylvania,  Bone-fisaure,  althoagh  Ibt 
Mattodon  was  there.  This  absenoe  may  be  aocidentai.  Leidy  m;i,' 
llie  animal  {tiepkaa  primigeniut  amerieanat)  wbb  prolMhlj  of 
earlier  origin,  and  became  earlier  extinct  than  the  Jfaalodon,  an  opiniin 
which  my  own  obaervationa  confirm.  Since  no  earlier  apecies  of 
Elephant  proper  is  known  from  North  or  South  America,  we  miut 
regard  thie  one  as  an  immigrant  from  Asia,  where,  indeed,  its  remsini 
abound.  It  remained  longer  in  Siberia  than  in  North  America,  since 
whole  carcasses  have  been  discovered  imprisoned  in  the  ice,  near  the 
mouth  of  the  river  Lena,  lliese  rpecimeni  had  a  covering  of  long 
hair,  with  an  under  layer  of  close  wool. 

Leidy  and  Falconer  have  observed  that  the  teeth  of  the  Elepbanti 
from  eastern  North  America  can  be  easily  distinguished  from  tboae 
of  the  Mammoth  by  the  greater  alternation  of  the  enamel  plate*. 
Leidy  aleo  observes  that  the  lower  jaw  is  more  acuminate  in  ths 
former.  Ue  proposed,  therefore,  to  distinguish  it  as  a  species,  nsini; 
Dekay's  name  £.  amerieafivi.  Teeth  from  Escboltz  Bay,  Alaska,  be 
regards  as  belonging  to  the  true  E.  primigeniut. 

Falconer  regarded  the  true  Elephant  of  Texas  as  a  distinct  species, 
which  he  named  £.  eolumbi.  He  distinguished  it  by  the  co&ne 
plates  of  the  enamel,  and  by  the  wide  lower  jaw,  with  curved  rami, 
and  abort  symphysis.  So  far  as  the  dentiiion  goes,  1  have  specimens 
of  this  type  from  Colorado  and  from  Oregon,  The  Oregon  apeoimen 
presents  the  same  type  of  lower  jaw  as  does  one  from  Texas,  in  my 
possession.  Specimens  from  the  valley  of  Mexico  are  abundant  in 
the  museums  of  the  city  of  Mexico,  and  their  characters  do  not  difler 
from  those  from  Texas.  I  have  in  my  museum  an  entire  skull, 
lacking  the  lower  jaw,  from  the  '  orange  sand '  of  the  city  of  Dallaf, 
in  north-eaEtern  Texas,  which  only  difTers  in  form  from  that  of  the 
£.  primtgenittt,  as  figured  by  Blumenbach  and  Cuvier,  in  the  shorter 
and  ivider  premaxillary  reftion.  This  ia  one-half  wider  than  lonj; 
Cirom  the  molar  alveolwB"),  wVWft  w  We  W^tni  VLWs.\&iAk  ia  the 
'  Extinct  M6iQmalmol^s:intViiaTi4.'S*ir»i».,-v-'»»%. 
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FoMMt  or  Sxvixa  akd  S&blkeov  o»  "SwiBQWiiisi^ 
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British  Maseura,  figured  by  Leith  Adams,^  tbe  length  of  this  region 
equals  the  width,  llie  skull  agrees  with  those  of  B.  primigeuiMt, 
and  differs  from  those  of  E.  indicus  in  the  narrow  proportioDs 
of  the  posterior  part  of  the  oranium.  The  teeth  are  of  the  ooane- 
plated  E.  eolwnbi  type.  The  individual  is  not  very  large,  though 
old.  The  diameter  of  the  tusks  at  the  alveolus  is  110  mm.  In  a 
fragment  of  a  huge  specimen  from  south-western  Texas,  the  diameter 
of  the  tusk  at  the  base  is  210  mm. 

As  a  result  it  is  not  clear  that  the  two  American  forms  can  be 
distinguished  as  yet  from  the  Elephaa  primigemus,  or  from  each 
other,  except  as  probable  sub-species,  E,  p,  eolumbi,  and  E.  p.  ameri' 
canus.  But  more  perfect  material  than  we  now  possess  may  yet 
enable  us  to  distinguish  one  or  both  of  these  more  satisfactorily. 
No  American  species  of  the  family  exceeded  this  one  in  genenl 
dimensions,  especially  the  form  E.  p,  columbi,*' 

EXPLANATION  OF  PLATE  XIII.    Fobmb  of  Pboboscidbax  MoukiB. 

Fio.  l,—£lepha8  {Emmenodon)  Cl\ftii,  Falconer  &  Caiiile|r.  The  firat  f?)  kft 
upper  Ixae  molar  m  an  early  stage  of  wear ;  from  the  SiwaUs  of 
Burma  (^  nat.  size).  The  lower  border  of  the  figure  is  the  inner  border 
of  tbe  specimen.  (The  original  preeenred  in  the  Muaeum  of  the 
Geologicflu  Society  of  London.) 

Fio.  2. — Elephas  antiquus^  Falconer.  Tbe  first  left  upper  true  molar  in  a  hilf 
worn  condition ;  from  the  Pleistocene  of  GrayB,  Essex  {^  nat  size). 
Tbe  lower  border  of  tbe  figure  is  tbe  inner  border  of  the  spedmeo. 
(Original  preserved  in  tbe  British  Museum,  Natural  History.) 

Fio.  3. — Mastodon  latidens,  Clift.  The  third  left  upper  true  molar  of  a  small 
individual  in  a  partially-worn  condition;  from  the  Pliocene  of  Borneo 
(§  nat.  size).  The  lower  border  of  tbe  figure  is  tbe  inner  border  of  the 
specimen.      
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Forms  of  Skulls  and  Skeleton  of  Proboscidca. 
Fio.  6. — Elephas  gancBa^  Falconer   &    Cautley.     Profile  of  tbe  skull ;   from  the 

Siwalik  Hills  {-^  nat.  size).     [After  Gaudry.]     Tbe  original  preserred 

in  the  British  Museum  (Natural  History). 
Fio.  6. — Mastodofi  (Tctrabelodou)   angustideus^  Cmier.     [After  Gaudrr.]    Middle 

Miocene,  Sansan  (Gers),  France.    The  entire  skeleton  restorea  and  greatly 

reduced. 
Fio.  7. — Elephas  planifrons^  Falc.  &  Cautl.     Profile  of  skull  restored ;  from  tbe 

Pliocene  of  the  Siwalik  Hills  dV  nat.  size).     [After  Gaudry.] 
Fio.  8. — Mastodon  sivalensiSf  Cautley.     Profile  of  skull  restored ;  from  the  Pliocene 

of  the  Siwalik  Hills  {-^g  nat.  size) .     [After  Gaudry.] 

IIL — Preliminary  Notes  on  some  New  and  littlb-known  British 

Jurassic  Fishes.' 

By  A.  Smith  Woodward,  F.G.S.,  F.Z.8., 
Of  tbe  British  Museum  (Natural  History). 

SINCE  the  works  of  Agassiz  and  Egerton,  few  oontribations  have 
been  made  to  the  knowledge  of  British  Jurassio  '*  Ganoid  "  and 
"  Teleostean  *'  Fishes,  and  a  considerable  amount  of  andescribed 
material  has  thus  accumulated  in  various  colleotions.  Much  more 
progress  has  been  made  upon  the  Continent,  where  the  Lithographic 

^  MoiJ.  Pal.  Soc.  1879,  Brit.  ¥osa."R\e\>\vwRXft,^.^'^,^\.^v  «aA.\>i. 
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Stones  of  Bavaria,  Wiirtemberg,  and  Ain,  especially,  yield  a  rich 
isaemblage  of  forms  in  a  remarkable  state  of  preservation ;  and  it  is 
now  an  interesting  study  to  compare  the  British  Jurassic  fossils 
with  their  well-known  continental  allies.  Such  an  undertaking  is 
facilitated  by  the  recent  appearance  of  Prof  Dr.  E.  A.  von  ZittePs 
idmirable  critical  summary  of  the  extinct  Mesozoic  fishes;^  and  it 
Lb  the  object  of  the  present  notice  to  offer  some  preliminary  remarks 
upon  a  few  of  the  more  prominent  types  observed  by  the  author  in 
English  collections. 

1.  Eurycormus  grandis,  sp.  no  v. 

In  1863,  A.  Wagner'  described  a  genus  of  fishes  from  the  Litho- 
graphic Stone  of  Eichstadt,  Bavaria,  under  the  name  of  Eurycormus, 
making  known  a  single  species,  E,  speciosus ;  and  in  1887,  Prof.  v. 
Zittel  added  some  supplementary  information  to  the  original 
diagnosis,  while  publishing  detailed  figures  of  the  vertebrsB.     No 

Srecise  particulars,  however,  concerning  the  cranial  osteology  and 
eutition  have  hitherto  been  forthcoming ;  and  the  recent  discovery 
by  Mr.  Henry  Keeping,  in  the  Eimmeridge  Clay  of  Ely,  of  a  fine 
head  of  Eurycormus,  not  only  makes  known  the  occurrence  of  a  new 
species  of  the  genus  in  England,  but  reveals  structural  features  of 
considerable  taxonomic  significance.  The  specimen  is  preserved  in 
the  Woodwardian  Museum,  Cambridge,  and  the  author  is  indebted 
to  the  kindness  of  Prof.  McEenny  Hughes,  F.R.S.,  for  the  oppor- 
tunity of  undertaking  a  detailed  study  of  its  characters.  The  skull, 
jaws,  and  opercular  apparatus  agree  precisely  in  general  form  and 
proportions  with  the  corresponding  parts  figured  in  Wagner's  typical 
species,  while  two  anterior  vertebrsd  exhibit  the  characters  assigned 
to  them  by  v.  Zittel.  The  Ely  species,  however,  is  nearly  three 
times  as  large  as  the  Bavarian  form,  and  differs  (according  to 
Wagner's  description)  in  the  superficial  tuberculation  of  several  of 
the  head-bones ;  it  may  therefore  receive  tbe  distinct  specific  name 
of  Eurycormus  gtandis.  The  maxilla  is  narrow,  and  its  arched 
margin  is  provided  with  a  single  close  series  of  small  slender  teeth ; 
the  vomerine  or  palatine  bones  (or  both)  bear  a  cluster  of  similar 
teeth  of  larger  size ;  and  the  inner  side  of  the  mandible  seems  to  be 
constituted  by  the  splenial  element,  provided  with  at  least  one  series 
of  small  teeth,  while  for  a  short  space  near  the  anterior  end  of  each 
dentary  are  observed  the  sockets  of  about  nine  large  teeth.  Each 
dentary  bone  is  deep  and  plate-like,  and,  though  much  crushed, 
doubtless  inclined  inwards  in  its  inferior  half;  and  a  very  large 
elongated  azygous  jugular  plate  extends  between  the  rami  as  far 
back  as  the  suture  between  the  dentary  and  angular  elements.  The 
hyomandibular  bone  is  more  lamelliform  than  in  Pachycormus,  eta, 
thus  more  nearly  resembling  the  same  bone  in  Caturus,  the  Lepto- 
lepidsd,  and  modem  Teleosteans. 

'  "  Handbnch  der  Palsontolo^e,"  vol.  iii.,  pte.  i.  u.  (^\%^n-%%'^. 
•  A.  Wagner, "  Monognphie  der  fossilen  Fiscbe  auft  deA\  \\\>io^«i^\v\M^«^^^c^^VKa^ 
BMxerns, "  Abh.  k.  bay.  Akad.  Wiw. ,  cl.  ii.  vol.  ix.  (.lE^'i^ ,  ^.  1Q1 ,  ^V  V? . 
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2.  Sirdbilodus  suchoides,  OweQ»  spw 

An  examination  of  the  type-speoimen  of  StrobUodus  giganipvi, 
Wagner,^  in  the  Munich  Museum,  has  oonvinoed  the  preeent  writer 
of  Its  generic  identity  with  the  so-called  Thlatiodus  su^Jbot  Jm,  Owen,' 
to  already  suggested  with  hesitation  by  v.  Zittel  {loc.  ciL  p.  220). 
One  more  Bavarian  type  is  thus  added  to  the  fish-fanna  of  the 
English  Eimmeridge  Clay  ;  and,  as  will  shortly  be  pointed  out  else- 
where, there  is  evidence  of  still  another  British  species  of  the  same 
genus  ranging  as  far  upwards  as  the  Purbeok  Beda  (Brit  Hub. 
46,911). 

3.  Stfpsoeormus  Leedsi,  sp.  noT. 

The  genus  ITypsocormus  was  founded  by  Wagner  in  1863,*  and, 
as  remarked  by  v.  Zittel,  only  two  species  are  yet  recognized,  then 
being  apparently  confined  to  the  Bavarian  Lithographic  Stone. 
Characteristic  portions  of  the  jaws  of  two  other  species,  however, 
have  been  discovered  in  the  Oxford  Clay  of  Peterborough,  by  Mr. 
Alfred  N.  Leeds,  of  Eyebury,  who  has  kindly  entrusted  them  to  tbe 
present  writer  for  elucidation ;  and  although  the  dentition  of  the 
genus  has  not  hitherto  been  described  in  detail,  the  recent  acquiritioa 
by  the  British  Museum  of  a  fine  example  of  Sypsocormus  macrodcm 
from  Solenhofen,  renders  a  direct  comparison  of  actual  spedmens 
possible. 

The  larger  species  from  Peterborough,  which  may  be  appropriately 
named  IT,  Leedsiy  is  represented  by  the  anterior  extremity  of  the 
snout  associated  with  two  fragments  of  tbe  skull  (No.  39,  Leeds 
Coll.),  indicating  as  large  a  fish  as  H.  macrodon.  The  snout  is 
obviously  a  compound  bone,  but  the  discussion  of  the  homologies 
of  its  parts  may  be  deferred.  As  in  the  Solenhofen  species  just 
mentioned,  it  is  obtusely  pointed,  the  two  sides  meeting  approximately 
in  a  right  angle  at  its  anterior  termination  ;  and  the  external  surface 
is  finely  granulated.  As  in  IT,  macrodont  also,  there  is  a  pair  of 
large  tusk- like  teeth,  rounded  in  section,  arising  from  sockets  in  the 
middle  of  the  bone ;  but,  whereas  in  the  species  just  referred  to, 
these  **  tusks  "  are  directed  vertically  downwards,  in  H.  Leedti  they 
are  much  inclined  forwards,  and,  if  perfect,  would  doubtless  project 
beyond  the  front  of  the  supporting  bone.  An  irregular  cluster  of 
small,  stout,  conical  teeth  occurs  on  each  side  of  the  central  pair,  and 
two  of  these  outer  teeth,  larger  than  the  others,  are  placed  directly 
in  front. 

The  abraded  anterior  extremity  of  a  large  right  mandibular  ramus 
of  Hypsocormus  in  Mr.  Leeds*  collection  (No.  38)  also  probably 
pertains  to  IT,  Leedsi,  corresponding  to  the  above-described  snout  in 
size ;  and  this  fossil  is  interesting  as  exhibiting  the  form  and  pro- 
portions of  the  splenial  element.     The  deutary  constitutes  the  outer 

*  A.  "Wagner,  **  Beitr.  Kennt.  lith.  Schief.  Pische,"  Abb.  k.  bay.  Akad.  Wiss.,  cl. 
ii.  vol.  vi.  (1861),  p.  76,  pi.  ii. 

^  R.  Owen,  **  On  a  Genua  and  Swedes  oi  ^wwq\4¥\%\v  {Thittttodus suekoida,  Ow ) 
from  the  Kimmeride©  Clay  ol  IJ^otioVV   Ci^o\..Uk^.^^\.\\\.v>w'^<yS\,^'!^,^»&4rw 


A.  8.  Woodward — British  Jurassic  Fishes, 

side  of  the  jaw  and  exhibits  the  abraded  remains  of  a  series  of 
of  moderate  size,  firm  I  j  implanted  in  sockets ;  while  the  splei 
a  short,  stout,  lenticular  bone,  perhaps  entering  somewhat  int 
symphysis,  but  having  its  thickest  portion  immediately  Ix 
supporting  two  great  rounded  tusks,  in  sockets,  accompanied  in 
and  behind  by  an  irregular  cluster  of  relatively  minute  stout  o 
teeth. 

4.  Hypsoeormus  tenutrostris,  sp.  nov. 

The  second  species  of  Hypsoeormus  in  Mr.  Leeds'  collect: 

represented  by  an  imperfect  snout,  associated  with  a  right  m 

and  portions  of  splenial  and  dentary  bones  (No.  40).     The  or 

fish  must  have  attained  only  about  half  the  size  of  the  typical 

men  of  ^.  Leedsi ;  and  it  is  readily  distinguished  by  the  na 

somewhat  elongated,  and  acutely  pointed  form  of  the  snout,  ii 

however,  exhibits  the  characteristic  superficial  granulations. 

pair  of  tusk-like  teeth  is  placed  relatively  further  backward! 

in  J5r.  macrodon  and  JOT  Leedsi,  and  seems  to  have  been  di 

more  nearly  vertically  than  in  the  latter  species ;  so  far  as  c 

ascertained,  a  single  irregular  series  of  teeth  of  small  siz( 

oocupies  the  margin  of  either  side,  being  accompanied  only  L 

minute  teeth.     The  maxilla  is  very  slender,  externally  tuberci 

and  provided  with  a  single  series  of  teeth  of  moderate  size, 

spaced  and  nearly  uniform,  and  flanked  externally  by  a  few  r 

teeth;  the  anterior  end  of  the  bone  terminates  in  a  stout,  s 

projection,  slightly  directed  inwards.   The  portions  of  dentary 

are  somewhat  broken,  but  this  element  is  stouter  and  largei 

the  maxilla,  provided  with  a  single  spaced  series  of  much 

teeth,  irregular  in  size,  the  most  powerful  being  situated  in  th( 

portion  of  the  posterior  half  of  the  bone ;   a  cluster  of  minute 

also  occupies  the  whole  of  the  external  margin.      As  in  the 

species  of  Hypsoeormus,  all  the  teeth  are  oval  or  round  in  s 

not  keeled,  though  more  or  less  vertically  striated  ;  and  the  ena 

apex  often  occupies  less  than  half  of  the  exserted  portion. 

So  far  as  can  be  ascertained  from  the  foregoing  specimens 
is  a  singular  resemblance  between  the  dentition  of  Hypsocorm 
that  of  the  long-snouted  Protoaphyrana  of  the  Upper  Cretaceoi 
the  last-named  genus  there  are  two  great  upper  teeth  at  the  I 
the  snout,^  while  two  equally  large  teeth  occur  on  either  side 
lower  jaw  near  its  anterior  extremity ;  the  latter,  moreovi 
similarly  fixed  in  a  short  stout,  lenticulsur  splenied  bone  imme 
behind  the  mandibular  symphysis.' 

It  may  be  added  that  the  genus  Hypsoeormus  also  occurs 
Eimmeridge  Clay  of  Weymouth,  portions  of  jaws  being  pn 
in  the  British  Museum  (No.  42,368). 

5.  Leedsiehthys  problem atteus,  gen.  et  sp.  nov. 
For  some  years  Mr.  Alfred  N.  Leeds,  of  E^ftViWT5,V^y»  c 

'  W.  DHviee,  Gbol.  Mao.  Dec.  II.  Vol.  V.  (^Iftl^V^^*"^'^^^-^'^ 
«  F.  Dixon,  **Geol.  and  Foss.  Suwex''  (,1650),  p\.  xulV.  ^^.  VI. 
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from  the  Oxford  Clay  of  the  neighbourhood  of  Peterboroagb  a 
number  of  large  bones  of  fibrous  texture,  and  often  of  indefinite 
form,  pertaining  to  some  hitherto  unknown  extinct  vertebrate.  The 
flatter  bones  were  oonsidered  by  Mr.  Hulke,  in  1887,  as  not 
improbably  referable  to  the  dermal  armature  of  a  Dinosaur ;  ^  bat, 
on  visiting  the  collection  in  1888,  Prof.  Marsh  expressed  the  opinion 
that  the  remains  were  piscine,  being  unlike  any  of  the  numeroui 
ty[)e8  of  Dinosaurian  dermal  armour  met  with  in  America.  At  the 
beginning  of  the  present  year,'  the  writer  of  this  note  mentioned  the 
possibility  of  these  fossils  indicating  the  presence  of  a  large  Aoipen- 
seroid  fish  in  the  Upper  Jurassic  rocks ;  and  it  is  proposed  in  the 
following  pages  briefly  to  discuss  the  few  facts  already  available  for 
consideration.  One  set  of  bones  undoubtedly  pertains  to  a  single 
individual,  and  is  thus  of  great  value ;  but  many  of  the  fragments 
are  scattered,  and,  if  the  interpretations  now  to  be  suggested  prove 
correct,  the  axial  skeleton  of  the  trunk  still  remains  to  be  dis- 
covered. No  known  specimens  exhibit  any  traces  of  superficial 
ornamentation,  and,  though  often  massive,  all  the  elements  have  the 
characteristic  fibrous  texture  of  fish-bone. 

The  associated  series  of  bones  just  mentioned  was  spread  over  an 
area  of  probably  not  less  than  twelve  square  yards,  and  the  principal 
specimens  may  be  enumerated  and  determined  as  follows : 

1.  A  large,  oblong,  flattened  bone,  of  the  kind  already  described 
by  Mr.  Hulke.  It  measures  2  ft.  (0-61  m.)  in  length  by  1  ft  Sin. 
(O'dS  m.)  in  maximum  breadth,  is  of  a  squamous  character,  thinning 
at  each  margin,  and  consists  of  two  thin  hard  layers  separated  by 
a  middle  layer  of  soft  diploe.  In  form  and  characters  the  bone  is 
very  suggestive  of  a  frontal  element. 

2.  An  elongated  bone,  1  ft.  Sin.  (0*58  m.)  in  length,  somewhat 
broader  at  one  extremity  than  at  the  other.  One  long  margin  is 
thickened  and  rounded,  while  the  other  is  a  thin  edge;  and  the 
broader  extremity  is  thicker  than  the  narrower.  This  may  perhaps 
be  identified  as  angular, 

3.  An  elongated  bone,  1  ft.  Sin.  (0-38  ra.)  in  length,  and  the 
broader  extremity  of  the  corresponding  element  of  the  opposite  side. 
This  is  probably  the  hyomandibular.  The  supposed  upper  extremity 
is  somewhat  expanded,  and  near  this  end  on  the  posterior  outer 
margin  is  a  small  facette,  evidently  for  the  operculum.  For  two- 
thirds  of  its  width  the  bone  is  thick,  but  the  anterior  third  is  thin, 
as  is  also  the  inferior  extremity. 

4.  Portions  of  four  long  narrow  bones,  the  largest  being  2  ft.  Sin. 
(0*735  m.)  in  length,  and  not  more  than  3^  in.  (0*09  m.)  in 
maximum  width.  Each  bone  is  comparatively  hard,  irregularly 
-< -shaped  in  transverse  section,  and  seems  most  nearly  paralleled 
by  the  ossifications  of  the  branchial  arches  in  Teleosteans. 

5.  A  very  large  number  of  small,  narrow,  elongated  bones  of 
peculiar  shape,  probably  to  be  regarded  as  gilUrakers.     The  laigest 

^  J.W.  Hulke,  **Note  on  some  Dinosaurian  Remains  in  the  Collection  of  A. 
Leeds,  Esq.,"  Quart  Journ.  Geol.  Soc,  vol.  xliii.  (1887),  p.  702. 

'  Smith  Woodward,  "  On  tfei©  Yal9aoTi\«\o^  ol  %\.\si^<e»T»^"  Proc,  Geol.  Abmc., 
^oL  Ji,  (1889),  p.  81. 
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of  these  are  about  8in.  (0*075  m.)  in  length,  and  iin.  (O'OlOin.)  in 
width.  Each  is  laterally  compreBsed,  slightly  expanded  at  one 
extremity,  and  rarely  straight,  but  irregularly  bent  or  contorted. 
The  surface  is  coarsely  rugose,  and  one  long  border  is  rounded, 
while  the  other  is  cleft  by  a  longitudinal  median  furrow.  The 
rounded  border  is  comparatively  smooth,  but  the  furrowed  edge  is 
coarsely  serrated,  a  series  of  short  oblique  ridges  terminating  in 
points  on  each  side. 

6.  Portion  of  a  large  squamous  bone,  longer  (deeper)  than  broad, 
with  one  long  margin  thickened,  rounded,  and  concavely  arched.  A 
nearly  complete  example  of  the  same  element,  doubtfully  forming 
part  of  the  series,  measures  2ft  9in.  (0'838m.)  in  length,  and  suggests 
that  it  may  be  identified  either  with  the  preopercidum  or  daviele, 

7.  Portions  of  eleven  very  dense,  large,  rib-shaped  bones,  only 
superficially  ossified  at  the  broader  extremity,  but  terminating  in  a 
well- formed  point  at  the  distal  end.  These  bones  are  rounded  or 
irregularly  quadrangular  in  section,  are  more  or  less  arched,  and 
vary  considerably  in  relative  width  or  thickness.  The  broadest  and 
stoutest  specimen  is  much  arched,  I  ft.  5  in.  (0*43  m.)  in  length  ;  and 
a  nearly  perfect  detached  example  of  the  same  bone  shows  that  this 
wants  a  length  of  at  least  Sin  (0*23  m.)  at  the  pointed  extremity. 
The  largest  bone  measures  2  ft.  4in.  (0*712 m.)  in  length,  and  is 
straightened ;  while  the  smaller  examples  are  more  curved  and  more 
rounded  in  section.  These  bones  were  evidently  arranged  in  not 
less  than  six  pairs,  and  Mr.  Leeds'  suggestion  seems  most  plausible, 
that  they  are  the  brancJuoHegal  rays  of  the  fish. 

8.  The  fin-rays  are  most  remarkable,  and,  judging  from  the 
position  in  which  they  were  discovered,  the  known  specimens  may 
all  probably  be  assigned  to  the  pectoral  fin.  They  consist  of  fibrous 
hone,  and  appear  as  if  composed  of  numerous  long,  tapering  bony 
splints,  incompletely  fused  together.  ITie  two  halves  of  each  ray 
remain  separate,  and  in  some  cases  they  have  been  proved  to  attain 
a  length  of  not  less  than  5  ft  (1*525  m.).  There  are  no  transverse 
joints,  but  all  the  rays  exhibit  numerous  bifurcations,  and  Mr.  Leeds 
estimates  that  the  distal  extremity  of  each  of  the  largest  becomes 
divided  into  at  least  thirty-two  small  branches. 

Smaller  more  slender  fin-rays,  probably  of  the  same  type  of  fish, 
have  also  been  discovered  in  the  Oxford  Clay  of  the  same  locality. 
Tliese  are  gently  rounded  and  transversely  articulated,  thus  suggest- 
ing that  the  specimens  just  noticed  are  characteristic  only  of  a 
powerful  pectoral. 

As  already  mentioned,  many  other  detached  bones,  undoubtedly  of 
the  same  genus  and  species,  occur  in  Mr.  Leeds'  collection ;  but,  of 
the  elements  not  described  above,  the  form  is  so  indefinite  as  to 
render  their  determination  very  uncertain.  If,  however,  the  few 
suggestions  here  propounded  are  eventually  confirmed,  it  is  obvious 
that  many  hard  parts  of  the  fish  still  remain  to  be  discovered.  No 
known  fish  with  ossifications  of  the  branchial  arches  and  branchi- 
ostegal  membrane  of  the  kind  here  described  is  destitute  of  at  lenst 
some  ossifications  in  the  axial  skeleton  of  t\\(i  ItwwVl*,  «cv^  \\.  V^\>fe 
strange,  indeed,  if  a  monster  with  buo\i  povfei^xA  ^^^Vox^i  %atf 
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not  prove  to  haye  been  possessed  of  a  formidable  dentition.  It  is 
satisfaotory  to  know  that  there  is  good  reason  to  hope  for  the  dis- 
covery of  much  more  of  the  skeleton  of  the  individual  discussed 
above,  as  soon  as  the  bed  where  it  ocours  is  worked  again ;  and  Mr. 
Leeds  is  fortunately  acquainted  with  the  preoise  stratom  where  the 
specimen  occurs. 

The  characters  of  the  gill-rakers,  branchiostegal  rays,  and  pectoral 
fin -ray  8,  taken  together,  justify  the  definite  separation  of  the  fish  in 
question  from  all  known  geuerio  types ;  and  it  is  proposed  to  apply 
to  it  the  name  of  Leedsichthys  in  honour  of  its  discoverer.  11)e 
Peterborough  species  may  be  provisionally  termed  Zeedsiektkiii 
problemaUims,  and  it  is  probably  the  most  gigantic  Jurassic  fish 
hitherto  described. 

A  group  of  the  characteristic  gill-rakers,  of  equally  large  size, 
has  also  been  obtained  from  the  Oxford  Clay  of  Vaohes  Noires  (Brit 
Mus.  No.  32,581),  thus  indicating  the  occurrence  of  the  genus  in  the 
Upper  Jurassic  of  the  North  of  France. 

6.  Mesodon. 

The  genus  Plfcnod%u,  as  now  defined,  is  restricted  to  the  Eocene 
formations,  and  all  the  British  Mesozoic  fossils  originally  described 
under  that  name  are  to  be  distributed  among  the  more  precisely 
defined  genera  determined  on  the  continent.  This  is  a  difficult  task, 
so  far  as  the  Jurassic  species  are  concerned,  for  little  more  than 
detached  examples  of  jaws  and  teeth  are  known,  and  there  is  appar- 
ently consideraJble  variation  in  these  parts.  The  so-called  Pyenodu 
pagoda,  Blake,'  fiora  the  Portlandian,  is  evidently  a  vomer  of  Micro- 
don;  but  nearly  all  the  other  described  British  Jurassic  "species" 
of  PycHodus  pertain  to  Mesodon.  Fricke,  v.  Zittel,  and  others,  haye 
already  pointed  out  that  to  this  genus  may  be  referred  the  Agassisian 
species  P.  Bucklandi,  P,  ovalisj  and  P,  rugtdosus,  and  to  the  synonymy 
of  the  first  we  would  add  P.  didymus,  Ag.,  P.  ohtusus,  Ag.,  and 
Oyrodus  perlatus,  Ag.  The  latter  name  is  given  to  some  detached 
scales  from  the  Stonesfield  Slate,  ornamented  by  tubercles  instead  of 
rugosities  or  pits,  thus  being  truly  referable  to  Mesodon,  and  agreeing 
sufficiently  in  size  with  the  associated  jaws  of  JIf.  Bucklandi  to  be 
provisionally  ascribed  to  that  form.  To  M,  rugulosus  we  would  also 
assign  the  undescribed  Pycnodus  parvus,  Ag.,  of  which  a  specimen 
marked  as  **  type "  is  in  the  Egerton  Collection.  Some  so-called 
species  of  Gyrodus,  e.g.  0.  trigonuSf  Ag.,  are  also  most  probably 
referable  to  the  same  genus;  and  the  Liassic  Pycnodus  liassicutt 
Egert.,  was  long  ago  placed  in  Mesodon  by  Heckel. 

7.  Thrtasops. 

Since  the  researches  of  Agassiz,  Miinster,  Wagner,  and  Thiolliere, 
so  many  Jurassic  examples  of  the  genus  Thrissops  have  been 
acquired  by  various  Museums,  that  it  would  be  interesting  to  study 
the  characters  of  the  specific  types  already  determined  in  the  light 
of  the  new  material  before  making  any  further  additions  to  the 

'  J.  F.  Blake,  **Oti  the  PoTtUnd  ^wi\a  ol'EA^tkJ^r  Qj>Ma\,'i««sti..^s»w5v,'$*!fc^ 
roi.  xxxn.  (1880),  p.  228,  p\.  x.  ^^.  \^. 
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nomenclatnre  of  the  group.  In  recording  the  occurrence  of  the 
genus  in  the  English  Jurassic,  it  must  therefore  suffice  to  remark 
that  the  British  Museum  possesses  characteristic  remains  of  a 
species  as  large  as  T.  Heekeli,  Thiolh/  from  the  Eimmeridge  Clay  of 
Dorsetehire  (B.M.  Nos.  P.  922.  P.  8686,  P.  6031) ;  while  a  nearly 
complete  example  of  a  much  smaller  species  has  heen  obtained  from 
the  Portland  Stone  of  the  Isle  of  Portland  (B.M.  No.  P.  6538). 

8.  Browrieichthya  omatust  gen.  et  sp.  nov. 

In  the  series  of  vertebrate  fossils  from  the  Lower  Lias  of 
Barrow-on-Soar,  recently  obtained  for  the  Leicester  Museum  by 
Mr.  Montagu  Browne,  F.Z.S.,  is  an  interesting  small  fish,  apparently 
of  a  new  generic  type,  which  the  present  writer  has  been  favoured 
with  the  privilege  of  examining.  The  specimen  is  only  about 
0*06  in  lengthy  displaying  portions  of  the  head  and  trunk;  but, 
notwithstanding  its  imperfections,  it  seems  worthy  of  brief  notice  as 
being  so  different  from  anything  hitherto  known.  The  fish  must 
have  been  originally  elongated  in  form ;  and  the  hinder  portion  of 
the  head,  preserved  as  far  forwards  as  the  front  margin  of  the  orbit, 
suggests  the  attenuation  of  the  snout  The  space  occupied  by  the 
Dotochord  is  vacant,  indicating  its  persistence,  but  the  neural  and 
hsemal  arches  are  well  ossified  superficially,  and  there  is  no  evidence 
of  elongated,  well-developed  ribs.  The  bones  of  the  head  are 
iuvested  with  ganoine,  and  ornamented  with  large  tuberculations ; 
and  at  least  the  front  portion  of  the  trunk  is  covered  with  thin, 
deeply-overlapping  scales,  oval  or  round  in  shape,  with  prominent 
concentric  lines  of  growth,  and  externally  ornamented  with  large 
ganoine  tubercles.  Three  or  four  relatively  large,  narrow,  pointed 
ridge-scales,  above  and  below,  also  indicate  a  partial  or  continuous 
armature  of  the  dorsal  and  ventral  margins.  Of  the  dentition  and 
the  fins,  nothing  can  be  ascertained  from  the  fossil  now  described ; 
and  although  a  series  of  eight  slender  bones  shortly  behind  the 
occiput  may  possibly  be  the  interspinous  bones  of  a  dorsal  fin,  it 
will  be  well  to  await  the  disoovery  of  other  specimens  before 
attempting  their  interpretation. 

So  far  as  can  be  determined,  the  new  Barrow  fossil  thus  most 
nearly  approaches  the  early  Mesozoio  Ganoids,  Belonorhynchus  and 
Saurtchihya.  From  these,  however,  and  from  other  types  with  a 
persistent  notochord,  it  is  generically  distinguished  by  the  squama- 
tion ;  and  employing  the  discoverer's  name,  the  new  form  m«y 
be  termed  Browneichthya.  The  type-species  may  be  known  as  B, 
omatui, 

IV. — An  Analysis  of  The  Fullbbs  Earth  of  Nutfield. 

Bj  P.  Gbbald  Sanford,  F.I.C,  F.G.S., 
Boyal  School  of  Mines,  London. 

DUBTNG  June  last  I  visited  the  Fullers  Earth  Pits  at  Nutfield, 
near  Bedhill,  Surrey,  with  the  London  Geological  "Field  Clvv&%. 
when  Professor  Seeley  suggested   to   me  lYiat  1  ^o\s\ii  t^^^  ^^ 
'  V.  Tbiolhh^e,  "PoiEB.  Fou.  Bugey,"  pt.i.  l,U54^»i^.^1,^\.^^^- 


456      P.  O.  San/ord — Analysis  of  GauU  and  Greensand. 


analysis  of  the  deposit  This  I  have  been  enabled  to  do  through  the 
kindness  of  the  manager  (A.  Sheridan,  Esq.),  who  was  good  enough 
to  send  me  a  series  of  samples  of  the  earth,  and  the  varioos  prodooti 
prepared  from  it  The  Nntfield  Fullers  Earth  is  a  heavy  bine  or 
yellow  olay,  with  a  greasy  feel  and  an  earthy  frsctore.  The  sample 
No.  1  contained  2747  per  cent  and  No.  2,  29-56  per  cent  of  water 
before  drying. 

No.  1.    Blub  Eabth. 


Dried  at  100''  C 


Insolable  Besidue. 


Insoluble  Residue 
Iron  (FeaOs) 
Alumina  (AlgOs) 
Lime,  CaO 
Magnesia,  MgO 
Phosphoric  acid,  P2O5 
Sulphuric  acid,  S  Oj 
Some  chloride,  NaCl 
AlkaUes,  E,0 
Combined  water 


59*96  per  cent 


2*48 
8-46 
6-87 
41 
27 
05 
05 
74 


1 
0 
0 
0 
0 


Soluble 
"^in  acid. 


( SiOj  = 

A1,0,  - 

jFe,0,  - 
CaO 

iMgO  = 


52*81  per  eent 
3*46 
1*30 
1-53 
0-86 


14-27 


69-96 


No.  2.    Tbllow  Eabth. 


Dried  at  100°  C 
Insoluble  Besidue         =     76*13  per  cent.< 


Iron,  FeaOs 

es 

2-4n 

Alumina 

ES 

1-77 

Lime,  CaO 

s 

4-31 

Magnesia,  MgO 

e= 

1-05 

PaO, 

ES 

0-14 

SO3 

B 

007 

Salt,  NaCl 

S 

0-14 

Alkalies,  £,0 

ES 

0-84 

Combined  water 

■ 

13-19 

>: 


Soluble 
in  acid. 


10005 


Insoluble  Besidue. 


fSilica 

AlaO,  = 

FesOs  - 

CaO  a 

tMgO  = 


69-37  per  cent 
1Q05 

8-86 

1-86 

104 


7618 


If 
i» 
fi 


y. — Analtsis  of  the  Gault  and  Gbeknsand. 

By  p.  Gerald  Sanford,  F.I.C,  F.C.S., 
Metallurgical  Laboratory,  Boyal  School  of  Mines. 

THE  sample  of  Gault,  of  which  the  analysis  is  given  below,  was 
obtained  from  the  Clay  Pits  at  Dunton  Green,  which  I  visited 
with  the  "London  Geological  Field  Class"  during  June  last.  At 
this  place  the  Gault  rests  upon  a  bed  of  reddish  yellow  sand  (Lower 
Greensand),  which  is  mixed  in  certain  proportions  with  the  Gault 
clay  to  form  bricks.  This  sand,  of  which  I  also  give  an  analysis,  is 
very  moist  when  first  taken  from  the  bed,  but  very  rapidly  becomes 
dry,  upon  exposure  to  the  air,  so  that  it  afterwards  loses  very  little 
more  water  at  lOO^C.  The  Gault,  as  taken  from  the  pit,  oontained 
26*68  per  cent  of  moisture,  but  upon  ignition  of  the  dried  substance, 
in  a  muffle  furnace,  it  \>eQo\xi^^  ^q  \i^\^  n^i^\\.^SM  ws^^IqIl  ^laas 
easily. 
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Analtbib  of  Gaxtlt. 


Dried  at  lOO^C.                        Insoluble  Residue. 

Imolnble  Beridne 

rs 

65*01  per  cent  =  /-Silica,  SiO,  =  46*43  per.  cent 

Ferric  oxide,  FejOs 

=: 

7*9*2^ 

FeaOs           =    2*06        „ 

Alumina,  AlsOj 

s= 

3-40 

-  AljOj          =   16*41         „ 

Maganese  oxide,  MnO. 

= 

trace 

CaO             =     0*88        „ 

lime,  CaO 

S3 

5*90 

^MgO            =     0-24        „ 

Mairnesia,  MgO 

S 

0-75 

Sodium  chloride 

S3 

0*06 

•  Soluble                               66-01 

Phosphoric  acid,  P3O5 

=: 

0-U 

in  acid.                             

Sulphuric  add,  80s 
Caroonic  acid,  CO3 

S3 

0*19 

S 

6-09 

KaO,  and  NaaO 

CS 

0*07 

Combined  water 

10*48, 

99-97 

Analysis  of  Grbbnrand. 

Dried  at  lOO'^C. 

Sflica 

.  8i0 

>»   ...     e  98*80  per  cent 

FejOs+AljOj      «   0-47V 

Time 

.CaO             B  0*09 

Magnesia, 

MgO      -   0*05  >  Soluble  in  acid. 

Sulph 

uric  acid,  SO,  »  trace  | 

Coml] 

lined  water 

=    0*42-' 

99-83 

isroTiCEis    o:f    isa::Eiisa:ax:Ra. 


D.  Stub  on  Bbitish  Coal-Plants. 

T. —  MOHENTANEB       StANDPUNKT     MBINEB     EeNNTNISS      VBEB      DIE 

Steinkohlenfobmation  Enqlands.  Yon  D.  Stub.  Jahrbtich 
der  k.  k.  Greolog.  Reichsanstalt,  1889,  Bd.  xxxix.  1  a.  2  Heft, 
pp.  1-20. 

HERB  D.  STUB,  the  Director  of  the  Geological  Survey  of 
Austria,  took  advantage  of  bis  visit  to  the  International 
Geological  Congress  last  year,  to  study  in  the  field  and  in  some  of  the 
principal  museums,  the  flora  of  the  British  Carboniferous  strata,  and 
the  present  paper  contains  in  a  condensed  form  the  results  of  his 
observations  and  his  views  of  the  relative  age  of  our  different  coal- 
fields, as  compared  with  the  beds  on  the  Continent,  and  more 
Particularly  with  those  of  the  Moravian-Bohemian-Silesian  area, 
^he  following  are  the  conclusions  arrived  at  by  the  author : — 

I.  In  Britain,  the  first  or  oldest  Culm-flora  of  the  Culm-roofing 
shales,  specially  occurs  in  the  great  Scotch  basin,  in  the  Burdie- 
House  limestones,  in  the  Carboniferous  shale  of  Slateford,  and  in  the 
Calciferous  sandstone.  In  Devonshire,  on  the  other  hand,  the 
Culmdackschiefer  is  represented  by  the  "  Lower  Culm-measures " 
near  Bideford,  whilst  the  *'  Upper  Culm-measures "  belong  to  the 
Lower  Carboniferous,  and  are  identical  with  the  Schatzlarer  beds. 
IL  The  second  CuJm-flora,  or  that  of  the  08tYaw«\^^%,\^  Y^^^J^^ 
quite  absent  in  England,  and  not  a  single  cYiaTWiVAiT\«X\<i  «^\^^  ^^^ 
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met  with.  It  is  probable  that  the  great  band  of  the  Millstone-grit, 
which  in  the  Pennystone  and  Barnslej  district  is  beneath  the  horizon 
of  the  Schatzlarer  beds,  may  represent  the  Ostraner  deposits,  and  in 
this  case  the  second  Culm-flora  might  be  looked  for  in  the  thin  Coal- 
seams  occasionally  occurring  in  the  Millstone- grit  It  is  farther 
possible  that  the  Coal-measures  of  the  Scotch  basin  may  correspond 
with  the  Silesian  Ostrauer  beds. 

III.  The  greater  part  of  the  coals  obtained  in  England  are  fxxm 
the  horizon  of  the  Schatzlarer  beds.  To  this  horizon  belong  the 
Coal-areas  of  Newcastle-on-Tyne,  Leeds,  Pontefract^  Bamileji 
Sheffield,  Derby,  Leicester,  Dudley,  Coalbrook-Dale,  Newcastle- 
utider-Lyme,  Manchester,  Oldham,  Lancaster,  and  of  Whitehaven 
and  Wigton. 

IV.  The  Upper  Carboniferous  horizon  of  the  Bohemian  Bossitzer 
beds  occurs  in  England  in  the  area  of  the  Bristol  Channel,  near 
Bristol  and  Rad stock,  and  in  the  vicinity  of  Merthyr  Tydvil,  over 
Swansea  to  Caermarthen ;  and  more  to  the  north  the  Coal-fieldi  of 
the  Forest  of  Dean,  the  Forest  of  Wyre  and  near  Wigan,  belong 
to  this  same  Upper  Carboniferous  horizon. 

Y.  It  is  remarkable  that  up  to  the  present  no  trace  of  the  presenoe 
of  this  Upper  Carboniferous  horizon  has  been  met  with  to  the  east 
of  the  great  band  of  Millstone-grit,  and  in  this  respect  there  is  a 
striking  correspondence  with  the  Coal-fields  of  Westphalia,  Belgium 
and  Northern  France,  which  belong  to  the  Schatzlarer  horizon,  and 
in  which  the  Upper  Carboniferous  Eossitzer  beds  are  not  represented. 

VI.  The  Upper  Carboniferous,  on  the  other  hand,  occurs  in 
Central  France,  Bohemia  and  Saxony,  also  in  Banate,  and  frequently 
unconformably  on  much  older  strata.  Thus,  also  in  the  line  from 
Swansea,  Bristol,  Forest  of  Dean  to  Shrewsbury  the  Upper  Carbon- 
iferous beds  are  in  places  unconformably  deposited  on  older  strata. 

VII.  Further,  there  is  in  England  no  trace  of  the  horizon  of  the 
Schwaclowitzer  beds  of  north-eastern  Bohemia,  of  the  Saxon  beds 
of  Oberhohndorf  near  Zwickau,  nor  of  the  Radnitzer  and  Zemech 
beds.  These  horizons  may  probably  be  looked  for  where  the  beds 
of  Schatzlarer  approach  those  of  the  Upper  Carboniferous,  as  at 
Wi^an  and  at  Coalbrook-Dale. 

VIII.  It  may  be  concluded  from  the  absence  of  particular  beds 
in  the  Carboniferous  series  of  England,  France,  Belgium  and  West- 
phalia, that  great  changes  in  the  configuration  of  the  land  took 
place  during  the  deposition  of  the  Coal  and  its  associated  beds; 
that  they  were  by  no  means  continuously  laid  down ;  and  that  the 
changes  in  the  flora  of  the  individual  horizons  indicate  enormously 
prolonged  intervals  of  time  for  their  production. 

The  author  further  adds  short  critical  notices  of  the  more  important 
species  of  fossil  plants  in  the  Hutton  Collection,  now  preserved  in 
the  Museum  at  Newcastle-on-Tyne. 
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II. — ^Thx  Gsoloot  of  London  and  of  Pabt  of  the  Thames  Valley. 

By  William  Whitakeb,  F.R.S. 

UNDER  the  above  title  there  has  just  been  published  a  Geological 
Survey  Memoir  (in  two  volumes),  which  gives  a  very  full  and 
detailed  account  of  the  geology  of  the  district.  Vol.  i.  Descriptive 
Geology,  pp.  xii.  666,  folding  table,  price  6«. ;  and  vol.  ii.  Appen- 
dices (well-sections,  etc.),  pp.  iv.  362,  price  6«.  We  hope  in  a  future 
number,  after  H.M.  Government  has  presented  us  with  a  review- 
oopy,  to  give  some  account  of  this  important  work,  which,  to  say 
the  least  of  it,  offers  a  large  amount  of  material  for  study  and  for 
referenoe  at  an  unusually  low  (official)  price. 


K  E  "V  I  E  ^W  S. 


The  Ganoids  of  the  German   Musohelkalk.     ''Die   Ganoiden 

DEB     DEUTSOREN    MUSOHELKALKB."       By     Prof.    Dr.     W.     DaMK& 

Palffiontologisohe  Abhandlungen,  Band  IV.  Heft  2  (1888),  pp. 
133-180,  pis.  xi.-xvia. 

TO  any  one  accustomed  to  the  writings  of  Agassiz,  Count  von 
Mtinster,  H.  von  Meyer,  and  others,  upon  the  fossil  fish  remains 
of  the  Muschelkalk,  Prof.  Dames'  memoir  will  come  as  a  pleasant 
surprise.  Instead  of  a  series  of  scattered  teeth  and  scales,  the  Pro- 
fessor has  brought  together  from  various  museums  a  number  of 
valuable  speoimens  affording  some  real  insight  into  the  characters  of 
the  Mid-Triassic  Ganoids ;  and  the  detailed  descriptions  and  discussion 
of  these  fossils  are  illustrated  by  seven  fine  plates.  The  specimens 
were  almost  exclusively  obtained  from  the  extra- Alpine  Muschelkalk, 
and  are  referable  to  the  genera  Oyrolepia,  Agassis  ;  Colohodu8, 
Agassiz ;  Crenilepis,  Dames ;  and  Serrolepia,  Quenstedt. 

The  reference  of  Gyrolepis  to  the  PalaBonisoidse  is  confirmed  by 
several  fine  fossils,  and  a  definition  of  the  genus  can  at  last  be 
attempted.  Ilie  mandibular  suspensorium  is  very  oblique,  and  the 
operculum  extremely  elongated  vertically ;  the  teeth  are  long,  slender, 
and  oonioal ;  the  dorsal  fin  is  smaller  than  the  anal,  and  situated 
opposite  or  in  advance  of  this ;  there  are  small  fulcra  upon  each  of 
the  fins ;  most  of  the  pectoral  fin-rays  are  not  articulated ;  and  the 
two  infraolaviculars  are  fused  together.  This  genus  is  the  only 
Palseoniscid  yet  described  from  the  European  Trias,  and  Prof.  Dames 
recognizes  four  species,  as  follows:  G.  Agassizii  (Miinster),  and  O, 
omatuB  (Giebel),  from  the  Lower  Muschelkalk,  0.  Alhertii,  Agassiz, 
from  the  Upper  Muschelkalk,  and  Q.  Quenetedlif  Dames,  from  the 
Lettenkohle. 

OyroUpis  Agasiizii  has  until  now  been  assigned  either  to  Amhly- 
pterus  or  BhabdolepU;  but  a  comparison  of  the  well-preserved  type- 
specimen  with  more  recently  discovered  examples  of  Oyrolepis  proper 
definitely  decides  its  generic  position,  and  the  characters  of  the  scale- 
ornament  determine  its  specific  distinctness.  0,  omatuB  has  aUo 
heen  hitherto  referred  to  AmblyptertiSj  and  tVve  t^'^^^-^v^civrckftw,  www 
Sgared  for  the  £rat  time,  remams  anique.     G.  Albcriu  \^  x^a  Vycv^gist 
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known  merely  from  detached  scales,  bat  is  represented  by  tbe  anterior 
portion  of  a  fish  and  two  examples  of  the  head ;  and  Dr.  Dames  points 
out  that  some  of  the  scales  have  been  named  Q.  maximui,  Ag.,  and 
6r.  tenuiairiatuB,  Ag.  0.  Quenatedii  is  a  new  species,  founded  upon 
tbe  binder  portion  of  a  fish,  remarkable  for  the  great  length  of  the 
anal  fin  and  the  comparatively  remote  situation  of  the  dorsal 

Tbe  genus  Colohodm  proves  to  be  a  Lepidoeteoid  Gktnoid  related 
to  LepidoUu,  and  having  no  connection  with  the  Pycnodonte,  to 
which  it  is  commonly  assigned.  It  differs  from  Lepidotui,  so  far  as 
known,  in  the  presence  of  an  apical  tubercle  upon  the  roanded 
teetli,  in  the  prominence  of  the  scale-ornament,  and  in  the  depreaaed 
form  of  tbe  head.  Considerable  variation,  however,  is  exhibited  in 
tbe  five  recognized  species ;  and  while  relegating  DaetffloUjpu, 
Nephrottin,  and  Asterodou  to  the  synonymy.  Dr.  Dames  suspects  that 
future  discoveries  may  possibly  justify  the  retention  of  the  two 
first-mentioned  names  for  the  peculiar  species  to  which  they  wen 
originally  applied.  Tbe  fins  and  the  precise  form  of  the  trank 
are  still  unknown  in  all  the  species:  but  tolerably  complete speoimena 
of  the  squamation  and  dentition  are  described,  and  these  lead  to  a 
considerable  reduction  in  the  number  of  "  species "  based  apos 
isolated  scales  and  teeth. 

A  new  genus  and  species,  Crentlepis  Sandbergerif  is  founded 
upon  a  well-preserved  portion  of  the  squamation  of  a  large  fish  from 
the  Upper  Muschelkalk  of  Erainbei^,  evidently  related  to  the 
earlier  Lepidosteoids,  and  distinguished  by  the  form  and  ornamen- 
tation of  the  scales.  In  the  anterior  part  of  the  flank,  the  scales  are 
very  much  deeper  than  broad ;  and  those  of  all  parts  are  externally 
sculptured  with  a  number  of  delicate  branching  furrows. 

The  type-species  of  the  genus  SerroUpis^  Quenstedt,  from  the 
L('ttenkoIile,  is  now  named  S.  suevieus ;  but  only  scattered  acalea 
are  known,  and  Dames  doubtfully  associates  with  this  fish  a  frag- 
ment of  jaw,  with  stout  styliform  teeth,  discovered  upon  the  same 
slab  of  stone.  On  the  whole,  the  genus  seems  most  probably  allied 
to  Dapedius. 

In  conclusion,  Dr.  Dames  discusses  an  interesting  problematioal 
fish  from  the  Upper  Muschelkalk  of  Brunswick,  not  yet  determinable, 
but  in  some  respects  suggestive  of  close  relationship  with  the 
SeraionotidsB.  A  summary  of  results  then  follows,  and  it  is  in- 
teresting to  note  how  the  distribution  of  species  of  Ganoids  in  tbe 
Muschelkalk  agrees  well  with  that  of  the  Crinoids  and  the  Cephalo- 
pods,  the  Lower,  Middle,  and  Upper  divisions  being  distinctly 
separated,  and  also  the  overlying  Lettenkohle. 

A  brief  appendix  records  the  occurrence  of  other  well-preserved 
Ganoids  in  the  same  formation,  including  probably  a  new  Paiadoniscid 
genus,  a  new  species  of  Oyrolepis,  and  a  fish  allied  to  Pholidophariu. 
These,  and  any  other  materials  with  which  the  author  may  be 
favoured,  will  form  the  subject  of  a  second  memoir  to  which  we  look 
forward  with  consldetablQ  mtereaU  A.  S.  W. 
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FOB  THE   Advancement  of  Science. 
Newoastlb-upon-Ttne,  1889. 

Address  to  the  Geological  Section  of  the  British  Associa- 
tion. By  Professor  James  Geikie,  LL.D.,  F.K.SS.  L.  &  E.,  F.G.S., 
President  of  the  Section,  September  12th,  1889. 

AFTER  some  introductory  remarks,  Prof.  James  Geikie  said : 
Perhaps  there  is  no  depcurtment  of  geological  inquiry  that  has 
given  rise  to  more  controversy  than  that  of  Glacial  Geology,  which 
I  have  select^  for  the  subject  of  this  address.  Hardly  a  single  step 
in  advance  has  been  taken  without  vehement  opposition.  But  the 
din  of  contending  sides  is  not  so  loud  now — the  dust  of  the  conflict 
has  to  some  extent  cleared  away,  and  the  positions  which  have  been 
lost  or  maintained,  as  the  case  may  be,  can  be  readily  discerned. 
The  glacialist  who  can  look  back  over  the  last  twenty-five  years  of 
wordy  conflict  has  every  reason  to  be  jubilant  and  hopeful.  Many 
of  those  who  formerly  opposed  him  have  come  over  to  his  side.  It 
is  true  he  has  not  had  everything  his  own  way.  Some  extreme 
views  have  been  abandoned  in  the  struggle-;  that  of  a  great  polar 
ice- sheet,  for  example,  as  conceived  by  Agassi z.  1  am  not  aware, 
however,  that  many  serious  students  of  Glacial  Geology  ever  adopted 
that  view.  But  it  was  quite  an  excusable  hypothesis,  and  has  been 
abundantly  suggestive.  Had  Agassiz  lived  to  see  the  detailed  work 
of  these  later  days,  he  would  doubtless  have  modified  his  notion, 
and  come  to  accept  the  view  of  large  continental  glaciers  which  has 
taken  its  place. 

The  results  obtained  by  geologists,  who  have  been  studying  the 
peripheral  areas  of  the  drift-covered  regions  of  our  continent,  are 
such  as  to  satisfy  us  that  the  drifts  of  those  regions  are  not  iceberg- 
droppings,  as  we  used  to  suppose,  but  true  morainic  matter  and 
fluvio-glacial  detritus.  Geologists  have  not  jumped  to  this  conclu- 
sion— they  have  only  accepted  it  after  laborious  investigation  of 
the  evidence.  Since  Dr.  Otto  Torell,  in  1875,  first  stated  bis  belief 
tliat  the  '*  diluvium  "  of  North  Germany  was  of  glacial  origin  a  great 
literature  on  the  subject  has  sprung  up,  a  perusal  of  which  will 
■how  that  with  our  German  friends  Glacial  Geology  has  passed 
through  much  the  same  succession  of  phases  as  with  us.  At  first 
icebergs  are  appealed  to  as  explaining  everything — next  we  meet 
with  sundry  ingenious  attempts  at  a  compromise  between  floating- 
ice  and  a  continuous  ice-sheet  As  observations  multiply,  however, 
the  element  of  floating-ice  is  gradually  eliminated,  and  all  the  phe- 
nomena are  explained  by  means  of  land-ice  and  **  schmelz-wasser  " 
alone.  It  is  a  remarkable  fact  that  the  iceberg  hypothesis  has 
always  been  most  strenuously  upheld  by  geologists  whose  labours 
have  been  largely  confined  to  the  peripheraV  av^OA  ol  ^T\l\.-^<^N«t^\ 
oouatiiea.    In  the  upland  and  mountainous  trac\BY  oii  V)ti<^  o'C^^^x  V^'cA^ 
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that  hypotbesiii  has  never  been  able  to  tarviTe  a  modente  amount 
of  accurate  observation.  Even  in  Switzerland — tbe  land  of  glacien 
— geologists  at  one  time  were  of  opinion  that  tbe  Bonlder-daji  d 
the  low  grounds  had  a  different  origin  from  those  which  occar  in 
the  mountain -valleys.  Thus  it  was  supposed  that  at  the  close  of  the 
Pleistocene  perio<l  the  Alps  were  surrounded  by  great  lakes  or  ginlfs 
of  some  inland  sea,  into  which  the  glaciers  of  the  high  valleji 
flowed  and  calved  their  icebergs — these  latter  scattering  erratics  and  | 
earthy  debris  over  the  drowned  areas.  Sartorius  von  Waltershaaflon^ 
set  forth  this  view  in  an  elaborate  and  well-illostrated  paper.  Un- 
fortunately for  his  hypothesis,  no  trace  of  the  supposea  great  lakes 
or  inland  sea  has  ever  been  detected — on  the  contrary,  the  character 
of  the  roorainic  accumulations,  and  the  symmetrical  grouping  and 
radiation  of  the  erratics  and  perched  blocks  over  the  foot-hills  and 
low  grounds,  show  that  these  last  have  been  invaded  and  overflowed 
by  the  glaciers  themselves.  Even  the  most  strenuous  upholders  of 
the  efficacy  of  icebergs  as  originators  of  some  Boulder-clays  adroit 
that  the  Boulder-clay  or  till,  ot  what  we  may  call  the  inner  or  central 
region  of  a  glaciated  tract,  is  the  product  of  land-ice.  Under  this 
category  conies  the  Boulder-clay  of  Norway,  Sweden,  and  Finland, 
and  of  the  Alpine  lands  of  Central  Europe,  not  to  speak  of  the  hillj 
parts  of  our  own  islands. 

When  we  come  to  study  the  drills  of  the  peripheral  areas  it  is  not 
difficult  to  see  why  these  should  be  considered  to  have  had  a  different 
origin.  They  present  certain  features  which,  although  not  absent 
from  the  glacial  deposits  of  the  inner  region,  are  not  nearly  so 
characteristic  of  such  upland  tracts.  I  refer  especially  to  the  frequent 
interstratification  of  Boulder-clays  with  well-bedded  deposits  of  clay, 
sand,  and  gravel ;  and  to  the  fact  that  these  Boulder-clays  are  often 
less  compressed  than  those  of  the  inner  region,  and  have  even 
occasionally  a  somewhat  silt-like  character.  Such  appearances  do 
seem  at  first  to  be  readily  explained  on  the  assumption  that  the 
deposits  have  been  accumulated  in  water  opposite  the  margin  of  a 
continental  glacier  or  ice-sheet— and  this  was  the  view  which  several 
able  investigators  in  Germany  were  for  some  time  inclined  to  adopt 

But  when  the  phenomena  came  to  be  studied  in  greater  detail, 
and  over  a  wider  area — this  preliminary  hypothesis  did  not  prore 
satisfactory.  It  was  discovered,  for  example,  that  "giants*  kettles"* 
were  more  or  less  commonly  distributed  under  the  glacial  deposits, 
and  such  **  kettles  "  could  only  have  originated  at  the  bottom  of  a 
glacier.  Again  it  was  found  that  pre-61acial  accumulations  were 
plentifully  developed  in  certain  places  below  the  drift,  and  were 
often  involved  with  the  latter  in  a  remarkable  way.  ITie  *'  brown- 
coal-formation"  in  like  manner  was  violently  disturbed  and  displaced, 
to  such  a  degree  that  frequently  the  Boulder-clay  is  found  to  underlie 

*  Untersuchungen  iiber  die  Elimate  der  Gegenwart  and  der  Vonrelt,  ete. 
Nfltuurkimdige  YeTliaii(ie\vii^«\i  n  .  d.  H^Q)ViAXi<i.  '^«AAac\i.  d.  Wetensoh.  te  Haarietn, 

2  These  appear  to  Yia^e  "^eeii  ^r%\.  ^^wiVie^  >si  \ivAsawst  ^ftwwso.^  ^aaL^t^s5«» 
£.  Geimtz. 
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it.  Similar  phenomena  were  enoonntered  in  regions  where  the  drift 
underlies  the  Chalk — the  latter  presenting  the  appearance  of  having 
been  smashed  and  shattered  —  the  fragments  having  often  been 
dragged  some  distance,  so  as  to  form  a  kind  of  friction-breocia  under- 
Ijing  the  drift,  while  large  masses  are  often  incladed  in  the  clay 
itself.  All  the  facts  pointed  to  the  conclusion  that  these  disturbances 
were  due  to  tangential  thrusting  or  crushing,  and  were  not  the  result 
of  vertical  displacements,  such  as  are  produced  by  normal  faulting, 
fiir  the  disturbances  in  question  die  out  from  above  downwards. 
Evidence  of  similar  thrusting  or  crushing  is  seen  in  the  remarkable 
faults  and  contortions  that  so  often  characterize  the  clays  and  sands 
that  ooonr  in  the  Boulder-clay  itaelf.  The  only  agent  that  could 
produce  the  appearances  now  briefly  referred  to  is  land-ice,  and  we 
must  therefore  agree  with  German  geologists  that  glacier-ice  has 
overflowed  all  the  drift-covered  regions  of  the  peripheral  area.  No 
evidence  of  marine  action  in  the  formation  of  the  stony  clays  is 
forthcoming — not  a  trace  of  any  sea-beach  has  been  detected.  And 
yet,  if  these  clays  had  been  laid  down  in  the  sea  during  the  retreat 
of  the  ice-sheet  from  Qermany,  surely  such  evidence  as  I  have 
indicated  ought  to  be  met  with.  To  the  best  of  my  knowledge  the 
only  particular  facts  which  have  been  appealed  to,  as  proofs  of 
marine  action,  are  the  appearance  of  bedded  deposits  in  the  Boulder- 
clays,  and  the  occasional  oocurrence  in  the  clays  themselves  of  a 
sea-shell.  But  other  organic  remains  are  also  met  with  now  and 
again  in  similar  positions,  such  as  mammalian  bones  and  fresh- water 
shells.  All  these,  however,  have  been  shown  to  be  derivative  in 
their  origin — they  are  just  as  much  erratics  as  the  stones  and  boulders 
with  which  they  are  associated.  The  only  phenomena,  therefore, 
that  the  glacialist  has  to  account  for  are  the  bedded  deposits  which 
occur  so  frequently  in  the  Boulder-clays  of  the  peripheral  regions, 
and  the  occasional  silty  and  uncompressed  character  of  the  clays 
themselves. 

The  intercalated  beds  are,  after  all,  not  hard  to  explain.  If  we 
consider  for  a  moment  the  geographical  distribution  of  the  Boulder- 
days,  and  their  associated  aqueous  deposits,  we  shall  find  a  clue  to 
their  origin.  Speaking  in  general  terms  the  stony  clays  thicken  out 
as  they  are  followed  from  the  mountainous  and  high- lying  tracts  to 
the  low  ground.  Thus  they  are  of  inconsiderable  thickness  in  Norway, 
the  higher  parts  of  Sweden,  and  in  Finland,  just  as  we  find  is  the 
case  in  Scotland,  Northern  England,  Wales,  and  the  hilly  parts  of 
Ireland.  Traced  south  from  the  uplands  of  Scandinavia  and  Finland, 
they  gradually  thicken  out  as  the  low  grounds  are  approached. 
Thus  in  Southern  Sweden  they  reach  a  thickness  of  43  metres  or 
thereabout,  and  of  80  metres  in  the  northern  parts  of  Prussia,  while 
over  the  wide  low-lying  regions  to  the  south  they  attain  a  much 
greater  thickness — reaching  in  Holstein,  Mecklenburg,  Pomerania, 
and  West  Prussia  a  depth  of  120  to  140  metres,  and  still  greater 
depths  in  Hanover,  Mark  Brandenburg,  and  Saxony.  In  those 
regions,  however,  a  considerable  portion  oV  lYve  **  ^WvxNvwxii''^  ^iowsss^.^^ 
as  we  aball  see  preaeDtly,  of  water-formed  bevia. 
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The  geographical  diBtrihution  of  the  aqaeons  deposits  whibh  aiB 
associated  with  the  stonj^  clays  is  somewhat  similar.  They  are  veiy 
Sfiaringly  developed  in  districts  where  the  Boalder-clays  are  thin. 
Thus  they  are  either  wanting,  or  only  oocnr  sporadically  in  thin 
irregular  beds,  in  the  high  grounds  of  Northern  Europe  geuendly. 
Further  south,  however,  they  gradually  acquire  more  importaooe 
until  in  the  peripheral  regions  of  the  drift-oovered  tracts  they  oome 
to  equal  and  eventually  to  surpass  the  Boulder-days  in  promineDoe. 
These  latter,  in  fact,  at  last  cease  to  appear,  and  the  whole  bulk  of 
the  ''  diluvium  "  along  the  southern  margin  of  the  drift  area  appean 
to  consist  of  aqueous  accumulations  alone. 

The  explanations  of  these  facts  advanced  by  German  geologiiti 
are  quite  in  accordance  with  the  views  which  have  long  been  held 
by  glacialists  elsewhere,  and  have  been  tersely  summed  up  by  Dr. 
Jentzsch.^    The  northern  regions,  he  says,  were  the  feeding-gronudi 
of  the  inland  ice.    In  those  regions  melting  was  at  a  minimum,  while 
the  grinding  action  of  the  ice  was  most  effective.     Here,  therefore, 
erosion  reached  its  maximum — ground-moraine  or  Boulder-clay  being 
unable  to   accumulate   to   any  thickness.      Further  south  melting 
greatly  increased,  while  ground- moraine  at  the  same  time  tended  to 
accumulate — the  conjoint  action  of  glacier-ice  and  sub-Glacial  water 
resulting  in   the  complex  drifts  of  the  peripheral   area.    In  the 
disposition  and  appearance  of  the  aqueous  deposits  of  the  "  diluvium  " 
we  have   evidence  of  an  extensive  sub-Glacial  water-circulation— 
giacier-inills  that  gave  rise  to    "giants*  kettles" — chains  of  sub- 
glacial  lakes  in  which  fine  clays  gathered — streams  and  rivers  that 
flowed  in  tunnels  under  the  ice,  and  whose  courses  were  paved  with 
sand  and  gravel.     Nowhere  do  German  geologiste  find  any  evidence 
of  marine  action.   On  the  contrary,  the  dove-tailing  and  interosculation 
of  Boulder-clay  with  aqueous  deposits  are  explained  by  the  relation 
of  the  ice  to  the  surface  over  which  it  flowed.     Throughout  the 
peripheral  area  it  did  not  rest  so  continuously  upon  the  ground  as 
was  the  case  in  the  inner  region  of  maximum  erosion.     In  many 
places  it  was  tunnelled  by  rapid  streams  and  rivers,  and  here  and 
there  it  arched  over  sub- Glacial  lakes,  so  that  accumulation  of  ground- 
moraine  proceeded  side  by  side  with  the  formation  of  aqueous  sedi- 
ments.    Much  of  that  ground-moraine  is  of  the  usual  tough  and 
hard-pressed   character,  but   here  and   there   it   is  somewhat  less 
coherent  and  even  silt-like.     Now  a  study  of  the  ground-moraines 
of  modem  glaciers   affords   us   a  reasonable   explanation   of  such 
differences.     Dr.  Briickner'    has  shown  that  in   many  places  the 
ground- moraine  of  Alpine  glaciers  is  included  in  the  bottom  of  the 
ice  itself.     The  ground- moraine,  he  says,  frequently  appears  as  an 
ice-stratum  abundantly  impregnated  with  silt  and  rook- fragments — 
it  is  like  a  conglomerate  or  breccia  which  has  ice  for  its  binding 
material.      When   this  ground-moraine   melts  out  of  the   ice — no 
running  water  being  present — it  forms  a  layer  of  unstratified  silt  or 

*  Jahrh.  d.  konigl.  prenss.  geologischen  Landesanstalt  fiir  1884,  p.  438. 
2  Die  Vergletsclierung  des  ^^alznchgebiete8,  etc. :    Geographische  Abhandlangen 
herausgegeben  y.  A.  Penck,  band  i.  heft  1. 
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olay,  with  stones  scattered  irregularly  through  it.  Such  being  the 
case  in  modern  glaciers,  we  can  hard]y  doubt  that  over  the  peripheral 
areas  occupied  by  the  old  northern  ice-sheet  Boulder-clay  must 
frequently  have  been  accumulated  in  the  same  way.  Nay,  when  the 
ground-moraine  melted  out  and  dropped  here  and  there  into  quietly- 
flowing  water,  it  might  even  acquire  in  part  a  bedded  character. 

The  limits  reached  by  the  inland  ice  during  its  greatest  extensions 
are  becoming  more  and  more  clearly  defined,  although  its  southern 
margin  will  probably  never  be  so  accurately  determined  as  that  of 
the  latest  epoch  of  general  glaciation.  The  reasons  for  this  are 
obvious.  When  the  inland  ice  flowed  south  to  the  Harz  and  the 
hills  of  Saxony  it  formed  no  great  terminal  moraines.  Doubtless 
many  erratics  and  much  rock- rubbish  were  showered  upon  the  surface 
of  the  ice  from  the  higher  mountains  of  Scandinavia,  but  owing  to 
£Guining-ont  of  the  ice  on  its  southward  march  such  superficial  debris 
was  necessarily  spread  over  a  constantly  widening  area.  It  may 
well  be  doubted,  therefore,  whether  it  ever  reached  the  terminal 
front  of  the  ice-sheet  in  sufficient  bulk  to  form  conspicuous  moraines. 
It  seems  most  probable  that  the  terminal  moraines  of  the  great  inland 
ioe  would  consist  of  low  banks  of  Boulder-clay  and  aqueous  materials 
-—the  latter,  perhaps,  strongly  predominating,  and  containing  here 
and  there  larger  and  smaller  angular  erratics  which  had  travelled  on 
the  surface  of  the  ice.  However  that  may  be,  it  is  certain  that  the 
whole  region  in  question  has  been  considerably  modified  by  sub- 
sequent denudation,  and  to  a  large  extent  is  now  concealed  under 
deposits  belonging  to  later  stages  of  the  Pleistocene  period.  The 
extreme  limits  reached  by  the  ice  are  determined  rather  by  the 
occasional  presence  of  rock  stri»  and  roches  moutonndeSy  of  Boulder- 
day  and  northern  erratics,  than  by  recognizable  terminal  moraines. 
Hie  southern  limits  reached  by  the  old  inland  ice  appear  in  this 
way  to  have  been  tolerably  well  ascertained  over  a  considerable 
portion  of  Central  Europe.  Some  years  ago  I  published  a  small 
sketch-map  ^  showing  the  extont  of  surface  formerly  covered  by  ice. 
On  this  map  I  did  not  venture  to  draw  the  southern  margin  of  the 
ice-sheet  in  Belgium  further  south  than  Antwerp,  where  northern 
erratics  were  known  to  occur;  but  the  more  recent  researches  of 
Belgian  geologists  show  that  the  ice  probably  flowed  south  for  some 
little  distance  beyond  Brussels.'  Here  and  there  in  other  parts  of 
the  Continent  the  southern  limits  reached  by  the  northern  drift  have 
also  been  more  accurately  determined,  but  so  far  as  I  know,  none  of 
these  later  observations  involves  any  serious  modifications  of  the 
sketch-map  referred  to. 

1  have  now  said  enough,  however,  to  show  that  the  notion  of  a  general 
ioe-sheet  having  covered  so  large  a  part  of  Europe,  which  a  few 
years  ago  was  looked  upon  as  a  wild  dream,  has  been  amply  justified 
by  the  labours  of  those  who  are  so  assiduously  investigating  the 
peripheral  areas  of  the  **  great  northern  drift"  And  perhaps  I  may 
be  allowed  to  express  my  own  belief  that  the  drifts  of  Middle  and 

1  Prehistorio  EuroDe,  1881. 

*  See  a  paper  by  M.  £.  Delvaux,  Ann.  de  la  Soc.  g^ol.  de  Belg.  t.  ziii.  p.  158. 
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Southern  England,  which  exhibit  the  same  oomplexity  as  the  "  lower 
dilaTium  "  of  the  Continent,  will  eventually  be  generally  acknow- 
ledged to  have  had  a  similar  origin.  I  have  often  thought  thtt 
whilst  politically  we  are  happy  in  having  the  aea  all  round  w, 
geologically  we  should  have  gained  perhaps  by  ita  greater  distance. 
At  all  events  we  should  have  been  less  ready  to  invoke  ita  assirtinoe 
to  explain  every  puzzling  appearanoe  presented  by  our  glacial 
aoonmulations. 

]  now  pass  on  to  review  some  of  the  general  resnlts  obtained  by 
continental  geologists  as  to  the  extent  of  area  occupied  by  inland 
ice  during  the  last  gi*eat  extension  of  glacier-ice  in  Europe.  It  is 
well  known  that  this  latest  ice-sheet  did  not  overflow  nearly  so  wide 
a  region  as  that  underneath  which  the  lowest  Boulder-clay  was 
accumulated.  This  is  shown  not  only  by  the  geographical  dis- 
tribution of  the  youngest  Boulder-clay,  but  by  the  direction  of 
rock-striae,  the  trend  of  erratics,  and  the  position  of  well-marked 
moraines.  Gerard  de  (reer  has  given  a  summary '  of  the  general 
results  obtained  by  himself  and  his  fellow-workers  in  Sweden  and 
Norway;  and  these  have  been  supplemented  by  the  labonn  of 
Berendt,  G^initz,  Hunchecome,  Eeilhack,  Klookmann,  Schrdder, 
Wahnschaffe,  and  others  in  Germany,  and  by  Sederholm  in  Finland.' 
From  them  we  learn  that  the  end-moraines  of  the  ice  circle  ronnd 
the  southern  coasts  of  Norway,  from  whence  they  sweep  south-east 
by  east  across  the  province  of  Gottland  in  Sweden,  passing  throngh 
the  lower  ends  of  Lakes  Wener  and  Wetter,  while  similar  moraines 
mark  out  for  us  the  terminal  front  of  the  inland  ioe  in  Finland— at 
least  two  parallel  frontal  moraines  passing  inland  from  Hango  Head 
on  the  Gulf  of  Finland  through  the  southern  part  of  that  province 
to  the  north  of  Lake  Ladoga.  Further  north-east  than  this  they 
have  not  been  traced ;  but,  from  some  observations  by  Helmersen, 
Sederholm  thinks  it  probable  that  the  terminal  ice-front  extended 
north-east  by  the  north  of  Lake  Onega  to  the  eastern  shores  of  the 
White  Sea.  Between  Sweden  and  Finland  lies  the  basin  of  the 
Baltic,  which  at  the  period  in  question  was^filled  with  ice,  forming 
a  great  Baltic  glacier,  which  overflowed  the  Aland  Islands,  Gottland, 
and  Oland,  and  which,  fanning  out  as  it  passed  towards  the  south- 
west, invaded,  on  the  south  side,  the  Baltic  provinces  of  Germany, 
while,  on  the  north,  it  crossed  the  southern  part  of  Scania  in  Sweden 
and  the  Danish  islands  to  enter  upon  Jutland. 

The  Upper  Boulder-clay  of  those  regions  is  now  recognized  as 
the  ground-moraine  of  this  latest  ice-sheet.  In  many  places  it  is 
separated  from  the  older  Boulder-clay  by  inter-Glacial  deposits,  some 
of  which  are  marine,  while  others  are  of  fresh-water  and  terrestrial 
origin.  Daring  inter-Glacial  times  the  sea  that  overflowed  a 
considerable  portion  of  North  Germany  was  evidently  continuous 

^  Zcitschrift  d.  deutsch.  geolog.  Ges  Bd.  xxvii.  p.  177. 

'  For  papers  by  Berendt  and  his  associates  see  especially  the  Jabrbuch  d.  k.  preotf. 
geol.  Landesanstalt,  and  tbe  Ij&Ss^x,  d.  d^M\;»^V^.  ^^^>  Oea.  for  the  past  few  jev** 
(JeinitZj  Forsch.  z.  d.  Landea-  w.XoVNs&VvvKAfe,  '\.  ^\  V«a^^^"«^  laJo..  v  ^'^ 
I.  lieitrag  z.  Geologie  M©cUeii\>\xT^,U'4^,^.  \^,b^\  ^^«iV^>asi,^««K»^\.^^.V 
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rith  the  North  Sea,  as  is  shown  not  only  by  the  geo^aphical  dis- 
ibation  of  the  inter-Glacial  marine  depoHits,  but  by  their  North  Sea 
iuna.  German  geologists  generally  group  all  the  inter-Glacial 
eposits  together,  as  if  they  belonged  to  one  and  the  same  inter- 
Glacial  epoch.  This  perhaps  we  must  look  upon  as  only  a  provisional 
rrangement  Certain  it  is  that  the  freshwater  and  terrestrial  beds 
rhich  frequently  occur  on  the  same  or  a  lower  level  and  at  no  great 
istanoe  from  the  marine  deposits,  cannot  in  all  cases  be  contem- 
oraneons  with  the  latter.  Possibly,  however,  such  discordances 
lay  be  accounted  for  by  oscillations  in  the  level  of  the  inter-Glacial 
Ml — land  and  water  having  alternately  prevailed  over  the  same 
rea.  Two  Boulder-clays,  as  we  have  seen,  have  been  recognized 
ver  a  wide  region  in  North  Germany.  In  some  places,  however, 
bree  or  more  such  Boulder-clays  have  been  observed  overlying  one 
nother  throughout  considerable  areas,  and  these  clays  are  described 
s  being  distinctly  separate  and  distinguishable  the  one  from  the 
ther.'  Whether  they  with  their  intercalated  aqueous  deposits  indicate 
reat  oscillations  of  one  and  the  same  ice-sheet — now  advancing, 
ow  retreating — or  whether  the  stony  clays  may  not  be  the  ground - 
loraines  of  so  many  different  ice- sheets,  separated  the  one  from  the 
ther  by  tnie  inter-Glacial  conditions,  future  investigations  must  be 
3ft  to  decide. 

The  general  conclusions  arrived  at  by  those  who  are  at  present 
ivestigating  the  glacial  accumulations  of  Northern  Europe  may  be 
ammarized  as  follows : 

1.  Before  the  invasion  of  Northern  Germany  by  the  inland  ice 
lie  low  grounds  bordering  on  the  Baltic  were  overflowed  by  a  sea 
rhich  contained  a  boreal  and  arctic  fauna.  These  marine  conditions 
re  indicated  by  the  presence  under  the  Lower  Boulder-clay  of  more 
r  less  well-bedded  fossiliferous  deposits.  On  the  same  horizon 
ccnr  also  beds  of  sand,  containing  fresh-water  shells,  and  now  and 
gain  mammalian  remains,  some  of  which  imply  cold  and  others 
emperate  climatic  conditions.  Obviously  all  these  deposits  may 
certain  to  one  and  the  same  period,  or  more  properly  to  different 
tages  of  the  same  period  —some  dating  back  to  a  time  when  the 
limate  was  still  temperate,  while  others  clearly  indicate  the  prevalence 
•f  cold  conditions,  and  are  therefore  probably  somewhat  younger. 

2.  llie  next  geological  horizon  in  ascending  order  is  that  which 
■  marked  by  the  "  Lower  Diluvium  *' — the  Glacial  and  fluvio-Glacial 
letritus  of  the  great  ice-sheet  which  flowed  south  to  the  foot  of  the 
larz  Mountains.  The  Boulder-clay  on  this  horizon  now  and  again 
contains  marine,  fresh-water,  and  terrestrial  organic  remains,  derived 
mdoubtedly  from  the  so-called  pre-Glacial  beds  already  referred  to. 
These  latter,  it  would  appear,  were  ploughed  up  and  largely  incor- 
>orated  with  the  ground-moraine. 

3.  The  inter-Glacial  beds  which  next  succeed  contain  remains  of  a 
veil-marked  temperate  fauna  and  flora,  which  point  to  soraetbinj^ 
nore  than  a  mere  partial  or  local  retreat  of  tl\Q  luKwd  vsfe.  '^V\<6 
geographical  distribution  of  the  beds  and  t\\e  \>T^%ftxvefe  \w  ^^^fc  <A 

'  II.  Schroder,  Jahrb,  d.  k.  preuss.  geol.  LandesatiBUU  ivvi  \^"?A, ^. ^^^» 
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snch  forms  as  Wephas  antigwiSt  Cervus  elepkas,  C,  megaeeros,  and 
a  flora  comparable  to  that  now  existing  in  Northern  Germany,  jmtity 
geologists  in  concluding  that  the  inter-Olacial  epoch  was  one  of  lon|; 
duration,  and  characterized  in  Germany  by  dimatio  oonditioiis  ap* 
pareiitly  not  less  temperate  than  those  that  now  obtain.  One  of  the 
])hases  of  that  inter-Qlacial  epoch,  as  we  have  seen,  was  the  OTsr- 
flowing  of  the  Baltic  provinces  by  the  waters  of  the  North  Sea. 

4.  To  this  well-marked  inter-Glacial  epoch  suooeeded  another  epoch 
of  arctic  renditions,  when  the  Scandinavian  inland  ice  once  more 
invaded  Germany,  ploughing  through  the  inter-Glacial  deposits,  and 
working  these  up  in  its  ground -moraine.  So  far  as  1  can  learn,  the 
prevalent  belief  among  geologists  in  North  Germany  is  that  there 
was  only  one  inter-Glacial  epoch  ;  but,  as  already  stated,  doubt  hue 
been  expressed  whether  all  the  facts  can  be  thus  accounted  for. 
There  must  always  be  great  difficulty  in  the  correlation  of  widely- 
separated  inter-Glacial  deposits,  and  the  time  does  not  seem  to  me  to 
have  yet  come  when  we  can  definitely  assert  that  all  those  inte^ 
Glacial  beds  belong  to  one  and  the  same  geological  horizon. 

I  have  dwelt  upon  the  recent  work  of  geologists  in  the  periphenl 
areas  of  the  drift-covered  regions  of  Northern  Europe,  becaoee  I 
think  the  results  obtained  are  of  great  interest  to  glacialists  in  this 
country.     And  for  the  same  reason  I  wish  next  to  call  attention  to 
what  has  been  done  of  late  years  in  elucidating  the  Glacial  Geology 
of  the  Alpine  lands  of  Central  Europe — and  more  particularly  of  the 
low  grounds  that  stretch  out  from  the  foot  of  the  mountains.    Any 
observations  that  tend  to  throw  light  upon  the  history  of  the  oom* 
plex  drifts  of  our  own  peripheral  areas  cannot  but  be  of  service.    It 
is  quite  impossible  to  do  justice  in  this  brief  sketch  to  the  labours 
of  the  many  enthusiastic  geologists  who  within  recent  years  have 
increased  our  knowledge  of  the  glaciation  of  the  Alpine  lands.    At 
present,  however,  I  am  not  so  much  concerned  with  the  proofs  of 
general  glaciation  as  with  the  evidence  that  goes  to  show  how  the 
Alpine  ground-moraines  have  been  formed,  and  with  the  facts  which 
have  led  certain  observers  to  conclude  that  the  Alps  have  endured 
several  distinct  glaciations  within  Pleistocene  times.     Swiss  geolo- 
gists are  agreed  that  the  ground-moraines  which  clothe  the  bottomi 
of  the  great  Alpine  valleys,  and  extend  outwards  sometimes  for 
many  miles  upon  the  low  grounds  beyond  are  of  true  glacial  origin. 
^iow  these  ground -moraines  are  closely  similar  to  the  Boulder-clays  of 
this  country  and  Northern  Europe.     Like  them,  they  are  frequently 
tough  and  hard-pressed,  but  now  and  again  somewhat  looser  and  less 
firmly  coherent     Frequently  also  they  contain  lenticular  beds,  and 
more  or  less  thick  sheets  of  aqueous  deposits — in  some  places  the 
stony  clays  even  exhibiting  a  kind  of  stratification — and  ever  and 
anon  such  water-assorted  materials  are  commingled  with  stony  clay 
in  the  most  complex  manner.     These  latter  appearances  are,  bow- 
ever,  upon  the  whole  best  developed  upon  the  low  grounds  that 
sweep  out  from  the  base  of  the  Al^a.     The  only  question  concerning 
the  ground-moraines  iViat  Yiaa  t^g^wW-^  ^n^^i.  yv8»  \r>  \si\is^\  ^\%RMa^^^ 
ia  the  origin  of  the  malenaXa  VX^^^^^'^''^^-    \\.Sa^Nr\w»>^^'^M»A 
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are  only  three  possible  modes  in  whiob  those  materials  could  have 
been  introduced  into  the  ^ound-moraine :  either  they  consist  of  super- 
ficial morainio  debris  which  has  found  its  way  down  to  the  bottom 
of  the  old  glaciers  by  crevasses ;  or  they  may  be  made  up  of  the 
Tock-robbish,  shingle,  gi*avel,  eta,  which  doubtless  strewed  the 
valleys  before  these  were  occupied  by  ice ;  or,  lastly,  they  may  have 
been  derived  in  chief  measure  from  the  underlying  rooks  themselves 
by  the  action  of  the  ice  that  overflowed  them.  The  investigations 
of  Penck,  Blaas,  Bohm,  and  Bruckner  appear  to  me  to  have  demon- 
strated that  the  ground-moraines  are  composed  mostly  of  materials 
which  have  been  detached  from  the  underlying  rocks  by  the  erosive 
action  of  the  glaciers  themselves.  Their  observations  show  that  the 
regions  studied  by  them  in  great  detail  were  almost  completely 
buried  under  ice,  so  that  the  accumulation  of  superficial  moraines 
was  for  the  most  part  impossible ;  and  they  advance  a  number  of 
facts  which  prove  positively  that  the  ground-moraines  were  formed 
and  accumulated  under  ice.  I  cannot  here  recapitulate  the  evidence, 
but  must  content  myself  by  a  reference  to  the  papers  in  which  this 
is  fully  discussed.^  These  geologists  do  not  deny  that  some  of  the 
material  may  occasionally  have  come  from  above,  nor  do  they  doubt 
that  pre-existing  masses  of  rock-rubbish  and  alluvial  accumulations 
may  have  been  incorporated  with  the  ground-moraines ;  but  the 
enormous  extent  of  the  latter,  and  the  direction  of  transport  and 
distribution  of  the  erratics  which  they  contain  cannot  be  thus  ac- 
counted for,  while  all  the  facts  are  readily  explained  by  the  action 
of  the  ice  itself,  which  used  its  sub-Olacial  debris  as  tools  with  which 
to  carry  on  the  work  of  erosion. 

Professor  Heim  and  others  have  frequently  asserted  that  glaciers 
have  little  or  no  eroding  power,  since  at  the  lower  ends  of  existing 
glaciers  we  find  no  evidence  of  such  erosion  being  in  operation.  But 
the  chief  work  of  a  glacier  cannot  be  carried  on  at  its  lower  end, 
where  motion  is  reduced  to  a  minimum,  and  where  the  ice  is  per- 
forated by  sub-Olacial  tunnels  and  arches,  underneath  which  no 
glacial  erosion  can  possibly  take  place ;  and  yet  it  is  upon  observa- 
tions made  in  just  such  places  that  the  principal  arguments  against 
the  erosive  action  of  glaciers  have  been  based.  If  all  that  we  could 
ever  know  of  glacial  action  were  confined  to  what  we  can  learn 
from  peering  into  the  grottoes  at  the  terminal  fronts  of  existing 
glaciers  we  should  indeed  come  to  the  conclusion  that  glaciers  do 
not  erode  their  rocky  beds  to  any  appreciable  extent.  But  as  we  do 
not  look  for  the  strongest  evidence  of  fluviatile  erosion  at  the  mouth 
of  a  river,  but  in  its  valley-  and  mountain-tracks,  so  if  we  wish  to 
learn  what  glacier-ice  can  accomplish,  we  must  study  in  detail  some 
wide  region  from  which  the  ice  has  completely  disappeared.  When 
this  plan  has  been  followed,  it  has  happened  that  some  of  the 
strongest  opponents  of  glacial  erosion  have  been  compelled  by  the 
force  of  the  evidence  to  go  over  to  the  other  camp.     Dr.  Blaas,  for 

^  Penck:  Die  Yergletscherang  der  deutschen  Alpeu.  'EVbaa*.  ^L^XatS^.  \. '^«^- 
dinandeanu,  1885,  Bohm:  Jahrb.  d.  k.  k.  eeo\,  Re\c\«a.TMsX«\V  ^^^^*  ^^- '*^'*''' 
Evft  3,    Briickner :  Die  Vergletscherang  d.  S^ach^V^ieXM,  «\a.^  \%^^« 
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example,  has  been  led  by  his  obseri'ationB  on  the  glacial  formations 
of  the  Inn  Valley  to  recant  his  former  views,  and  to  become  a 
formidable  advocate  of  the  very  theory  which  he  formerly  opposed 
To  his  work  and  the  memoirs  by  JPenok,  Briickner,  and  Bubm 
already  cited,  and  especially  to  the  admirable  chapter  on  glacier- 
erosion  by  the  last-named  author,  I  would  refer  those  who  may  be 
anxious  to  know  the  last  word  on  this  much-debated  question. 

The  evidence  of  inter-Glacial  conditions  within  the  Alpine  lands 
continues  to  increase.  These  are  represented  by  alluvial  deposits 
of  silt,  sand,  gravel,  conglomerate,  breccia,  and  lignites.  Penck, 
Bohm,  and  Bruckner  find  evidence  of  two  inter-Glacial  epochs,  and 
maintain  that  there  have  been  three  distinct  and  separate  epochs  of 
glaciation  in  the  Alps.  No  mere  temporary  retreat  and  re-advanoe 
of  the  glaciers,  according  to  them,  will  account  for  the  phenomena 
presented  by  the  inter-Glacial  deposits  and  associated  morainio  aoco- 
mulatious.  During  inter-Glacial  times  the  glaciers  disappeared  from 
the  lower  valleys  of  the  Alps — the  climate  was  temperate,  and 
probably  the  snow-fields  and  glaciers  approximated  in  extent  to  those 
of  the  present  day.  All  the  evidence  conspires  to  show  that  an 
inter-Glacial  epoch  was  of  prolonged  duration.  Dr.  Bruckner  has 
observed  that  the  moraines  of  the  last  Glacial  epoch  rest  here  aiid 
there  u{X)n  loss,  and  he  confirms  Penck's  observations  in  Sonth 
Bavaria  that  this  remarkable  formation  never  overlies  the  morainio 
accumulations  of  the  latest  Glacial  epoch.  According  to  Penck  and 
Bruckner,  therefore,  the  loss  is  of  inter-Glacial  age.  There  can  be 
little  doubt,  however,  that  loss  does  not  belong  to  any  one  particular 
horizon.  Wahnschafife '  and  others  have  shown  that  througbout 
wide  areas  in  North  Germany  it  is  the  equivalent  in  age  of  the 
'Upper  Diluvium,*  while  Schumacher*  points  out  that  in  the  Rhine 
valley  it  occurs  on  two  separate  and  distinct  horizons.  Prof.  Andres 
has  likewise  shown  ^  that  there  is  an  upper  and  lower  loss  in  Alsace, 
each  characterized  by  its  own  special  fauna. 

There  is  still  considerable  difference  of  opinion  as  to  the  mode  of 
formation  of  this  remarkable  accumulation.  By  many  it  is  considered 
to  be  an  aqueous  deposit ;  others,  following  Richthofen,  are  of  opinion 
that  it  is  a  wind-blown  accumulation;  while  some  incline  to  the 
belief  that  it  is  partly  one  and  partly  the  other.  Nor  do  the  upholdeit 
of  these  various  hypotheses  agree  amongst  themselves  as  to  the 
precise  manner  in  which  water  or  wind  has  worked  to  produce  the 
observed  results.  Thus,  amongst  the  supporters  of  the  aqueous  origin 
of  the  loKS,  we  find  this  attributed  to  the  action  of  heavy  rains  washing 
over  and  rearranging  the  material  of  the  Boulder-clays.*  Many, 
again,  have  held  it  probable  that  loss  is  sin)])ly  the  finest  loam 
distributed  over  the  low  grounds  by  the  flood- waters  that  escaped 

^  Abhandl.  z.  geoL   Specialkarte  t.  Preussen,  etc.,  bd.  Tii.  heft  1 ;  Zeitichr.  d. 
deutsch.  geol.  Gesellsch.,  1885,  p  204 ;   18'*6,  p.  367. 
2  Hygfieniache  Topographie  von  Strassbiirg  i.  K.,  1886. 
'  Abhan<11.  z.  jreol.  SpmaWnvle  n.  ^W«&-\.oVVtvii^\i.VA.  "^i.,  heft  ?. 
*  Laspeyres  :  Erlauterungeu i.  ^^\.  ^v^\ii^5.w^ftx.\i\v^3aaa!«l^^^fc 
Zorbig,  und  Petersberg. 


T?rof.  Jamn  Oeikie'a  Address.  471 

from  the  northern  inland  ice  and  the  mern  de  glaee  of  the  Alpine 
lands  of  Ceniral  Europe.  Another  sug^^estion  is  that  much  of  the 
material  of  the  loss  may  have  been  derived  from  the  denudation  of 
the  Boulder-dajs  by  flood-water,  during  the  dosing  stages  of  the 
last  cold  period.  It  is  pointed  out  that  in  some  regions  at  least  the 
loss  is  underlaid  bj  a  layer  of  erratics,  which  are  believed  to  be 
the  residue  of  the  denuded  Boulder-clay.  We  are  reminded  by 
Klockmann*  and  Wahnschaffe'  that  the  inland  ice  must  liave  acted 
as  a  great  dam,  and  that  wide  areas  in  Germany,  etc.,  would  be 
flooded,  partly  by  water  derived  from  the  melting  inland  ice,  and 
partly  by  waters  flowing  north  from  the  hilly  tracts  of  Middle 
(Germany.  In  the  great  basins  thus  formed  there  would  be  a  oom- 
mingling  of  fine  silt-material  derived  from  north  and  south,  which 
would  necessarily  come  to  form  a  deposit  having  much  the  same 
character  throughout. 

From  what  I  have  myself  seen  of  the  loss  in  various  parts  of 
Germany,  and  from  all  that  I  have  gathered  from  reading  and  in 
oonversation  with  those  who  have  worked  over  loss-covered  regions, 
I  incline  to  the  opinion  that  I5s8  is  for  the  most  part  of  aqueous 
origiu.  In  many  cases  this  can  be  demonstrated,  as  by  the  occurrence 
of  bedding  and  the  intercalation  of  layers  of  stones,  s^ind,  gravel,  etc., 
in  the  deposit;  again,  by  the  not  infrequent  appearance  of  fresh- 
water shells ;  but,  perhaps,  chiefly  by  the  remarkable  uniformity  of 
diaraoter  which  the  loss  itself  displays.  It  seems  to  me  reasonable 
also  to  believe  that  the  flood-waters  of  Glacial  times  must  needs  have 
been  highly  charged  with  finely-divided  sediment,  and  that  such 
sediment  would  be  spread  over  wide  regions  in  the  low  grounds — 
in  the  slack-waters  of  the  great  rivers  and  in  the  innumerable 
temporary  lakes  which  occupied,  or  partly  occupied,  many  of  the 
valleys  and  depressions  of  the  land.  There  are  different  kinds  of 
loss  or  loss-like  deposits,  however,  and  all  need  not  have  been  formed 
in  the  same  way.  Probably  some  may  have  been  derived,  as  Wabn- 
Bchaffe  has  suggested,  from  the  denudation  of  Boulder-clay.  Possibly, 
also,  some  loss  may  owe  its  origin  to  the  action  of  rain  npon  the 
stony  clays,  producing  what  we  in  this  country  would  call  **  rain- 
wadh.*'  There  are  other  accumulations,  however,  which  no  aqueous 
theory  will  satisfactorily  explain.  Under  this  category  comes  much 
of  the  so-called  BerglQss,  with  its  abundant  land-shells,  and  its 
generally  unstratified  chai-acter.  It  seems  likely  that  such  loss  is 
simply  the  result  of  subaerial  action,  and  owes  its  origin  to  rain, 
frost,  and  wind  acting  upon  the  superficial  formations,  and  rearranging 
their  finer-grained  constituents.  And  it  is  quite  possible  that  the 
upper  portion  of  much  of  the  loss  of  the  lower  grounds  may  have 
been  reworked  in  the  same  way.  But  I  confess  I  cannot  yet  find 
in  the  facts  adduced  by  Grerman  geologists  any  evidence  of  a  dry-as- 
dnst  epoch  having  obtained  in  Europe  during  any  stage  of  the 
Pleistocene  period.  The  geographical  position  of  our  continent 
seems  to  me  to  forbid  the  possibility  of  such  climatic  conditions, 

*  KlockmAnn:  Jabrb.  d.  k.  preuss.  geol.  LandesantUiW.  tut  Y^^^^"^.^^"^. 
'  WAbiuehAffe:  op.  eit.  and  Zdtachr.  d.  deutach.  geoV.  i^«i.  \^^^^^.  ^^"V* 
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while  all  the  poBitive  evidence  we  have  points  rather  to  hnroidity 
than  dryness  as  the  prevalent  feature  of  Pleiatooene  climates.  It  it 
obvious,  however,  that  after  the  flood-waters  had  disappeared  from 
the  low  grounds  of  the  Continent,  suhaerial  action  would  come  into 
play  over  the  wide  regions  covered  by  Glacial  and  fluvio-Olacial 
deposits.  Thus,  in  the  course  of  time,  these  deposits  would  become 
modified, — just  as  similar  accumulations  in  these  islands  have  been 
top-dressed,  as  it  were,  and  to  some  extent  even  rearranged.  I  am 
strengthened  in  these  views  by  the  conclusions  arrived  at  by  M. 
Falsan,  the  eminent  French  glacialist.  0<>verin|r  the  plateaux  of 
the  Doubs,  and  widely  spread  throughout  the  valleys  of  the  Rhone, 
the  Ain,  the  Isere,  etc.,  in  France,  there  is  a  deposit  of  loss,  he  says, 
which  has  been  derived  from  the  washing  of  the  ancient  moraines. 
At  the  foot  of  the  Alps,  where  black  schists  are  lai'gely  developed, 
the  loss  is  dark  grey  ;  but  west  of  the  secondary  chain  the  same 
deposit  is  yellowish,  and  composed  almost  entirely  of  siliceons 
materials,  with  only  a  very  little  carbonate  of  lime.  This  Hmon  or 
loss,  however,  is  very  generally  modified  towards  the  top  by  the 
chemical  action  of  rain,  the  yellow  15ss  acquiring  a  red  colonr. 
Sometimes  it  is  crowded  with  calcareous  concretions  ;  at  other  times 
it  has  been  deprived  of  its  calcareous  element  and  converted  into  a 
kind  of  pulverulent  silica  or  quartz.  This,  the  true  Idas,  is  distin- 
guished from  another  lehm,  which  Falsan  recognizes  as  the  product  of 
atmospheric  action — formed,  in  fact,  in  place  from  the  disintegration 
and  decomposition  of  the  subjacent  rocks.  Even  this  lehm  has 
been  modified  by  running  water — dispersed  or  accumulated  locally, 
as  the  case  may  be.* 

All  that  we  know  of  the  loss  and  its  fossils  compels  us  to  include 
this  accumulation  as  a  product  of  the  Pleistocene  period.  It  is  not 
of  post- Glacial  age — even  much  of  what  one  may  call  the  "  remodifie<l 
1588  "  being  of  Late  Glacial  or  Pleistocene  age.  I  cannot  attempt 
to  give  here  a  summary  of  what  has  been  learned  within  recent 
years  as  to  the  fauna  of  the  loss.  Tlie  researches  of  Nehring  and 
Liebe  have  familiarized  us  with  the  fact  that  at  some  particular 
stage  in  the  Pleistocene  period  a  fauna  like  that  of  the  alpine 
steppe-lands  of  Western  Asia  was  indigenous  to  Middle  Europe,  and 
the  recent  investigations  of  Woldfich  have  increased  our  knowledj^ 
of  this  fauna.  At  what  horizon,  then,  does  this  steppe-fauna  make 
its  appearance  ?  At  Thiede  Dr.  Nehring  discovered  in  so-called  loss 
three  successive  horizons,  each  characterized  by  a  special  fauna 
'J'he  lowest  of  these  faunas  was  decidedly  Arctic  in  type ;  above  that 
came  a  steppe- fauna,  which  last  was  succeeded  by  a  fauna  comprising 
such  forms  as  Mammoth,  wciolly  Rhinoceros,  Bos,  CVfvtia,  Horse, 
Hysena,  and  Lion.  Now,  if  we  compare  this  last  fauna  with  the 
forms  which  have  been  obtained  from  true  post-Glacial  deposits— 
those  deposits,  namely,  which  overlie  the  younger  Boulder-clays  and 
food-accumulations  of  the  latest  Glacial  epoch,  we  find  little  in 
common.  The  Lion,  ibo  M«i\\\moVVi,  a.tid  the  Rhinoceros  are  con- 
spicuous by   their  absence  Ktotcv  \\\^  -^o^V^X^L^vaX.  \^\^  \2k\  ^^iwss^ 
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In  place  of  tliem  we  meet  with  a  more  or  less  Arctic  fauna,  and  a 
high- Alpine  and  Arctic  flora,  which,  as  we  all  know,  eventually  gave 
place  to  the  flura  and  iauna  with  which  Neolithic  man  was  contempo- 
raneous. As  this  is  the  case  throughout  North- Western  and  Central 
Europe,  we  seem  justified  in  assigning  the  Thiede  heds  to  the 
Pleistocene  period,  and  to  that  inter-Glacial  stage  which  preceded 
and  gradually  merged  into  tlie  last  Glacial  epoch.  That  the  steppe- 
fauna  indicates  relatively  drier  conditions  of  climnte  than  obtained 
when  perennial  snow  and  ice  covered  wide  areas  of  tlie  low  ground 
goes  without  snying;  but  I  am  unable  to  agree  with  those  who 
maintain  that  it  implies  a  dry-os-dust  climate,  like  that  of  some  of 
tlie  steppe- regions  of  our  own  day.  The  remarkable  commingling 
of  Arctic  and  steppe-faunas  discovered  by  Wold  rich  in  the  Bdhmer- 
wald  *  shows,  I  think,  that  the  Jerboas,  Marmots,  and  Hamster-rats 
were  not  incapable  of  living  in  the  same  regions  contemporaneously 
with  Lemmings,  Arctic  Hares,  Siberian  Social  Voles,  etc  But  when 
a  cold  epoch  was  passing  away  the  steppe-forms  probably  gradually 
replaced  their  Arctic  congeners,  as  these  migrated  northwards  during 
the  continuous  amelioration  of  the  climate. 

If  the  student  of  the  Pleistocene  faunas  has  certain  advantages  in 
the  fact  that  he  has  to  deal  with  forms  many  of  which  are  still 
living,  he  labours  at  the  same  time  under  disadvantages  which  are 
unknown  to  his  colleagues  who  are  engaged  in  the  study  of  the  life 
of  far  older  periods.  The  Pleistocene  period  was  distinguished  above 
all  things  by  its  great  oscillations  of  climate — the  successive  changes 
l>eing  repeated,  and  producing  correlative  migrations  of  floras  and 
faunas.  We  know  that  Arctic  and  tempenite  faunas  and  floras 
flourished  during  inter-Glacial  times,  and  a  like  succession  of  life- 
furms  followed  the  final  disap[)earance  of  Glacial  conditions.  A 
study  of  the  organic  remains  met  with  in  any  particular  deposit  will 
not  necessarily,  therefore,  enable  us  to  assign  these  to  their  proper 
horizon.  The  geographical  position  of  the  deposit,  and  its  relation 
to  Pleistocene  accumulations  elsewhere,  must  clearly  be  taken  into 
account  Already,  however,  much  has  been  done  in  this  direction, 
and  it  is  probable  that  ere  long  we  shall  be  able  to  arrive  at  a  fair 
knowledge  of  the  various  modifications  which  the  Pleistocene  floras 
and  faunas  experienced  during  that  protracted  period  of  climatic 
changes  of  which  I  have  been  speaking.  We  shall  even  possibly 
learn  how  often  the  Arctic,  steppe-,  prairie-,  and  forest- faunas,  as 
they  have  l)een  defined  by  Woldrich,  replaced  each  other.  Even  now 
some  approximation  to  this  better  knowledge  has  been  made.  Dr. 
Polilig,'  for  example,  has  compared  the  remains  of  the  Pleistocene 
faunas  obtained  at  many  different  places  in  Europe,  and  has  presented 
us  with  a  classification  which,  although  confessedly  incomplete,  yet 

^  Woldrich  :    Sitzungsb.  d.  kais.  Akad.  d.  W,  math.  nat.  CI.,  1880,  p.  7  ;   1881) 
p.  177;  1883,  p.  978. 
'  Pohlig  :  Sitzungsb.  d.  Niederrheinischen  GeBoUschaft  zu  Bonn,  1884  ;  Zeitschr. 
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serves  to  show  the  direction  in  which  we  miist  look  for  further 
advances  in  this  department  of  inquiry. 

During  the  last  twenty  years  the  evidence  of  inter-Glacial  oonditions 
both  in  Europe  and  America  has  so  increased  that  geologists  generally 
no  longer  doubt  that  the  Pleistocene  period  was  characterized  by 
great  changes  of  climate.  The  occurrence  at  many  different  localities 
on  the  Continent  of  beds  of  lignite  and  fresh- water  alluvia,  contain- 
ing remains  of  Pleistocene  mammalia,  intercalated  between  separate 
and  distinct  Boulder-days,  has  left  us  no  alternative.  The  inter- 
Glacial  beds  of  the  Alpine  lands  of  Central  Europe  are  paralleled  by 
similar  deposits  in  Britain,  Scandinavia,  Germany,  and  France.  But 
opinions  differ  as  to  the  number  of  Glacial  and  inter-Glacial  epochi 
— many  holding  that  we  have  evidence  of  only  two  cold  stages  and 
one  general  inter- Glacial  stage.  This,  as  1  have  said,  is  the  view 
entertained  by  most  geologists  who  are  at  work  on  the  Glaciid 
accumulations  of  Scandinavia  and  North  Germany.  On  the  other 
hand,  Dr.  Penck  and  others,  from  a  study  of  the  drifts  of  the  German 
Alpine  lands,  believe  that  they  have  met  with  evidence  of  three  dis- 
tinct epochs  of  glaciation,  and  two  epochs  of  inter-Glacial  conditions. 
In  France,  while  some  observers  are  of  opinion  that  there  have  been 
only  two  epochs  of  general  glaciation,  others,  as,  for  example,  M. 
Tardy,  find  what  they  consider  to  be  evidence  of  several  such  epochs. 
Others  again,  as  M.  Falsan,  do  not  believe  in  the  existence  of  any 
inter-Glacial  stages,  although  they  readily  admit  that  there  were  great 
advances  and  retreats  of  the  ice  during  the  Glacial  period.  M. 
Falsan.  in  short,  believes  in  oscillations,  but  is  of  opinion  that  these 
were  not  so  extensive  as  othei-s  have  maintained.  It  is,  therefore, 
simply  a  question  of  degree,  and  whether  we  speak  of  oscillations 
or  of  epochs,  we  must  needs  admit  the  fact  that  throughout  all  the 
glaciated  tracts  of  Europe,  fossiliferous  deposits  occur  intercalated 
among  glacial  accumulations.  The  successive  advance  and  retreat 
of  the  ice,  therefore,  was  not  a  local  phenomenon,  but  characterized 
all  the  glaciated  areas.  And  the  evidence  shows  that  the  oscillations 
referred  to  were  on  a  gigantic  scale. 

The  relation  borne  to  the  glacial  accumulations  by  the  old  river 
alluvia  which  contains  relics  of  Palaeolithic  man  early  attracted 
attention.  From  the  fact  that  these  alluvia  in  some  places  overlie 
glacial  deposits,  the  general  opinion  (still  held  by  some)  was  that 
Pala3olithic  man  must  needs  be  of  post-Glacial  age.  But  since  we 
have  learned  that  all  Boulder-clay  does  not  belong  to  one  and  the 
same  geological  horizon — that,  in  short,  there  have  l>een  at  least  two, 
and  probably  more,  epochs  of  glaciation—  it  is  obvious  that  the  mere 
occurrence  of  glacial  deposits  under  Palieolithic  gravels  does  not 
prove  these  latter  to  be  post-Glacial.  All  that  we  are  entitled  in 
such  a  case  to  say  is  simply  that  the  implement- bearing  beds  are 
younger  than  the  glacial  accumulations  upon  which  they  rest  Their 
horizon  must  be  determined  by  first  ascertaining  the  relative  position 
in  the  Glacial  series  of  the  underlying  deposits.  Now,  it  is  a 
remarkable  fact  that  l\\e  ^oxMe^-Oi^N^  >«\\\Ool  >\xA^^\^  %\ns^\!.  old 
a/iu  via  belong,  without  exceY>^\oTi,  to  tV^  ^x\\vit  ^W^gs^  vi\Siaa^^s»»j^ 
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period.  This  has  heen  proved  again  and  again,  not  only  for  this 
coantry  but  for  £urope  generally.  I  am  sorry  to  reflect  that  some 
twenty  years  have  now  elapsed  sinoe  I  was  led  to  sus^^ect  that  the 
Palssolithio  gravels  and  cave-deposits  were  not  of  post-Glacial,  but 
of  Glacial  and  inter-Glaoial  age.  In  1871-72  I  published  a  series  of 
papers  in  the  Geological  Maoazimb  in  which  I  set  forth  the  views 
I  had  come  to  form  upon  this  interesting  question.  In  these  papers 
it  was  maintained  that  the  alluvia  and  cave  deposits  could  not  be  of 
post-Glacial  age,  but  must  be  assigned  to  pre-Glacial  and  inter- 
Glacial  times,  and  in  chief  measure  to  the  latter.  Evidence  was 
led  to  show  that  the  latest  great  development  of  glacier-ice  in  Euro}>e 
took  place  after  the  southern  Pachyderms  and  Palseolithic  man  had 
vacated  England — that  during  this  last  stage  of  the  Glacial  peri(Ml 
man  lived  contemporaneously  with  a  northern  and  Alpine  fauna  iu 
8iich  regions  as  Sonthem  France — and  lastly,  that  Palaeolithic  man 
Hnd  the  Southern  Mammalia  never  revisited  North- Western  Europe 
after  extreme  glacial  conditions  had  disappeared.  These  conclusions 
were  arrived  at  after  a  somewhat  detailed  examination  of  all  the 
evidence  then  available — the  remarkable  distribution  of  the  Paleeo- 
lithic  and  ossiferous  alluvia  having,  as  I  have  said,  particularly 
impressed  me.  I  coloured  a  map  to  show  at  once  the  areas  covered 
by  the  glacial  and  fluvio-Glacial  deposits  of  the  last  Glacial  epoch, 
and  the  regions  in  which  the  implement-bearing  and  ossiferous 
alluvia  had  been  met  with,  when  it  became  apparent  that  the  latter 
never  occurred  at  the  surface  within  the  regions  occupied  by  the 
former.  If  ossiferous  alluvia  did  here  and  there  appear  within  the 
recently  glaciated  areas  it  was  always  either  in  caves,  or  as  infra- 
or  inter-Glacial  deposits.  Since  the  date  of  these  researches  our 
knowledge  of  the  geographical  distribution  of  Pleistocene  deposits 
has  greatly  increased,  and  implements  and  other  relics  of  Palaeolitliic 
man  have  been  recorded  from  many  new  localities  throughout 
Europe.  But  none  of  this  fresh  evidence  contradicts  the  conclusions 
I  had  previously  arrived  at;  on  the  contrary,  it  has  greatly  strength- 
ened my  general  argument 

Professor  Penck  was,  I  think,  the  first  on  the  Continent  to  adopt 
the  views  referred  to.  He  was  among  the  earliest  to  recognize  the 
evidence  of  inter-Glacial  conditions  in  the  drift-covered  regions  of 
Northern  Germany,  and  it  was  the  reflections  which  those  remark- 
able inter-Glacial  beds  were  so  well  calculated  to  suggest  that  led 
him  into  the  same  path  as  myself.  Dr.  Penck  has  published  a  map  ^ 
showing  the  areas  covered  by  the  earlier  and  later  glacial  de|K)Hits 
in  Northern  Europe  and  the  Alpine  lands,  and  indicating  at  the  same 
time  the  various  localities  where  Palaeolithic  finds  have  occurred. 
And  in  not  a  single  case  do  any  of  the  latter  appear  within  the  areas 
covered  by  the  accumulations  of  the  last  Glacial  epoch. 

A  glance  at  the  papers  which  have  been  published  in  Germany 
Mrithin  the  last  few  years  will  show  how  greatly  students  of  the 
Pleistocene  ossiferous  beds  have  been  infiuetieed  b'^  nhWV  \^  ^v'^^^ 
known    of  the  inter-Glacial   deposits  and   lV\e\t   oxy^wivv^  Tfe\«vvw\\\%, 

'  Anhir  fur  Anthiopologie,  bd.  xv.  \ielt  ^,  \^^^. 


476         Beports  and  Proceedings — British  Association — 

Profesgora  Rothpletz'  and  Andreae,'  Dr.  Pohlig'  and  others,  do  not 
now  hesitate  to  correlate  with  those  heds  the  old  ossiferous  and 
implement-bearing  alluvia  which  lie  altogether  outside  of  glaciated 
regions. 

The  relation  of  the  Pleistocene  allnvia  of  France  to  the  glacial 
deposits  of  that  and  other  countries  has  been  especially  canvasied. 
Hothpletz,  in  the  paper  cited  below,  includes  these  alluvia  amongst 
the  inter-Glacial  deposits;  and  in  the  present  year  we  have  an 
interesting  essay  on  the  same  subject  by  the  accomplished  secretary 
of  the  Anthropological  and  Archaeological  Congress,  which  met  last 
month  in  Paris.  M.  Boule  correlates*  the  Palsdolithic  cave-  and 
river-deposits  of  France  with  those  of  other  countries,  and  sliowi 
that  they  must  be  of  inter-Glacial  age.  His  classification,  I  am 
gratified  to  find,  does  not  materially  differ  from  that  given  by  myself 
a  number  of  years  ago.  He  is  satisfied  that  in  France  there  it 
evidence  of  three  Glacial  epochs  and  two  well-marked  inter- 
Glacial  horizons.  The  oldest  of  the  Palsolithio  stages  of  Mortillet 
(Chell£enne)  culminated  according  to  Boule  during  the  last  inter- 
Glacial  epoch,  while  the  more  recent  Paleeolithio  stages  (MousiiRi- 
ENNE,  SoLUTKi:KNNK,  and  Magdal£:nienne)  coincided  with  the 
last  great  development  of  glacier-ice.  'llie  Palaeolithic  age,  so  far 
as  Europe  is  concerned,  came  to  a  close  during  this  last  cold  phase 
of  the  Glacial  period. 

There  are  many  other  points  relating  to  Glacial  G^logy  which  haT6 
of  late  years  been  canvassed  by  continental  workers,  but  these  I  cannot 
discuss  here.  I  have  purposely,  indeed,  restricted  my  remarks  to 
such  parts  of  a  wide  subject  as  I  thought  might  have  interest  for 
glacial ists  in  this  country,  some  of  whom  may  not  have  had  their 
attention  directed  to  the  results  which  have  recently  been  attained 
by  their  fellow-labourers  in  other  lands.  Had  time  permitted  I 
should  gladly  have  dwelt  upon  the  noteworthy  advances  made  by  our 
American  brethren  in  the  same  department  of  inquiry.  Especially 
should  I  have  wished  to  direct  attention  to  the  remarkable  evidence 
adduced  in  favour  of  the  periodicity  of  glacial  action.  Thus  Messrs. 
Chamberlin  and  Salisbury,  after  a  general  review  of  that  evidence, 
maintain  that  the  Ice  Age  was  interrupted  by  one  chief  inter-OUciai 
epoch,  and  by  three  inter-Glacial  sub-epochs  or  episodes  of  deglaciation. 
The  same  authors  discuss  at  some  length  the  origin  of  the  loss,  and 
come  to  the  general  conclusion  that  while  deposits  of  this  character 
may  have  been  formed  at  different  stages  of  the  Glacial  period,  and 
under  different  conditions,  yet  that  upon  the  whole  they  are  best 
explained  by  aqueous  action.  Indeed  a  perusal  of  the  recent  geo- 
logical literature  of  America  shows  a  close  accord  between  the 
theoretical  o[>inions  of  many  transatlantic  and  European  geologists. 

Thus  as  years  advance  the  picture  of  Pleistocene  times  becomes 

^  Rothpletz  :  Denkschrift  d.  schweizer.  Ges.  fiir  d.  gesammt.  Nat.,  bd.  xxtiii. 
1881. 

^  Andrete  :  Abhandl.  z.  geoVo^,  ^^w\«i^wVft  ^."^«wBi-\AV&s2MCL^u^bd.  i?.  heft  2, 
J  884 
«  Pohlig  :  op,  eit.  ^  ^oxiX^i-.  ^^sxi^^ei:  kTiSJca«^^'^A'^^'^>^-^^ 
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more  and  more  olearly  developed.  The  conditions  under  which  our 
old  Palasolithic  predecessors  lived — the  climatic  and  geographical 
changes  of  which  they  were  the  witnesses — are  gradually  being  re- 
vealed with  a  precision  that  only  a  few  years  ago  might  well  have 
seemed  impossible.  This  of  itself  is  extremely  interesting,  but  I  feel 
sure  that  I  speak  the  conviction  of  many  workers  in  this  field  of  labour 
when  I  say  that  the  clearing  up  of  the  history  of  Pltiistocene  times 
is  not  the  only  end  which  they  have  in  view.  One  can  hardly  doubt 
tliat  when  the  conditions  of  that  period  and  the  causes  which  gave 
rise  to  these  have  been  more  fully  and  definitely  ascertained,  we 
shall  have  advanced  some  way  towards  the  better  understanding  of 
the  climatic  conditions  of  still  earlier  periods.  For  it  cannot  be 
denied  that  our  knowledge  of  Pal8B0Zf)ic,  Mesozoic,  and  even  early 
Cainozoio  climates  is  unsatisfactory.  But  we  may  look  forward  to 
the  time  when  much  of  this  uncertainty  will  disappear.  Meteoro- 
logists are  every  day  acquiring  a  clearer  conception  of  the  distribution 
of  atmospheric  pressure  and  temperature,  and  the  causes  by  which 
that  distribution  is  determined,  and  the  day  is  coming  when  we  shall 
be  bettor  able  than  we  are  now  to  apply  this  extended  meteorological 
knowledge  to  the  explanation  of  the  climates  of  former  periods  in 
the  world's  history.  One  of  the  chief  factors  in  the  present  dis- 
tribution of  atmospheric  temperature  and  pressure  is  doubtless  the 
relative  position  of  the  great  land  and  water  areas;  and  if  this  be 
true  of  the  present,  it  must  be  true  also  of  the  past  It  would 
almost  seem  then  as  if  all  one  had  to  do  to  ascertain  the  climatic 
condition  of  any  particular  period  was  to  prepare  a  map,  depicting 
with  some  approach  to  accuracy  the  former  relative  position  of  land 
and  sea.  With  such  a  map  could  our  meteorologists  infer  what  the 
climatic  conditions  must  have  been  ?  Yes,  provided  we  could  assure 
them  that  in  other  respects  the  physical  conditions  did  not  dilfer 
from  the  present.  Now  there  is  no  period  in  the  past  history  of 
our  globe  the  geographical  conditions  of  which  are  better  known 
than  the  Pleistocene.  And  yet,  when  we  have  indicated  these  upon  a 
map,  we  find  that  they  do  not  give  the  results  which  we  might  have 
expected.  The  climatic  conditions  which  they  seem  to  imply  are  not 
such  as  we  know  did  actually  obtain.  It  is  obvious,  therefore,  that 
some  additional  and  perhaps  exceptional  factor  was  at  work  to 
produce  the  recognized  results.  What  was  this  disturbing  element, 
and  have  we  any  evidence  of*  its  interference  with  the  operation  of 
the  normal  agents  of  climatic  change  in  earlier  periods  of  tlie 
world's  history?  We  all  know  that  various  answers  have  been 
given  to  such  questions.  Whether  amongst  these  the  correct 
solution  of  the  enigma  is  to  be  found  time  will  show.  Meanwhile, 
as  all  hypothesis  and  theory  must  starve  without  facts  to  feed  on,  it 
behoves  us  as  working  geologists  to  do  our  best  to  add  to  the  supply. 
The  success  with  which  other  problems  have  been  attacked  by 
geologists  forbids  us  to  doubt  that  ere  long  we  shall  have  done  much 
to  dispel  some  of  the  mystery  which  still  envelopes  the  question  of 
geologioal  olimateB, 
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Sir, — So  many  of  your  readers  must  go  Alp- wards  that  I  appeal, 
though  late,  to  any  who  may  visit  the  Chamounix  district,  to  help  me 
in  a  little  investigation  by  looking  out  for  diorites  about  the  junction 
of  the  gneiss  with  the  protogine — the  inner  portions  of  de  Saussure's 
"Artichoke."      I  am   prevented  from  doing  so  myself   this  year. 

Last  summer  I  picked  up  a  worn  pebble  in  the  gorge  below 
Pierre  a  TEchelle,  and  above  Pierre  Pointue,  both  mere  cockney 
points  of  interest  on  the  way  up  Mont  Blanc 

I  do  not  remember  any  mass  of  diorite  thereabouts.  But  it  appears 
at  intervals  from  the  Mottets  *  to  the  upper  Grands  Mulcts.  I  did 
nut  climb  in  search,  not  having  sufficient  time  left. 

My  specimen  proved  to  be  an  epidiorite,  under  the  microscope, 
with  slightly  banded  structure.  Hornblende,  not  orientated,  pro- 
bably of  augitic  origin,  showed  two  periods,  one,  the  older,  giving 
the  usual  pleochroic  green  and  yellow,  the  other  nearly  colourless, 
with  a  cement,  so  to  speak,  of  the  secondary  hornblende.  The 
cleavage  continued  through  this  portion.  There  is  apatite,  plagio- 
clase  and  a  ground  mass  which  I  have  not  properly  investigated. 

I  feel  sure  that  careful  study  would  give  interesting  results  if 
this  contact-region  were  investigated.  Something  like  what  my 
section  gives  is  shown  in  Teairs  grand  book,  at  plate  17. 

I'he  problem  of  at  least  two  periods  of  formation  of  the  hornblende 
points  to  an  interesting  history  of  the  Mont  Blanc  "Artichoke" 
formation  period.  Marshall  Hall. 

Okosvsnob  Club,  September,  \%^^. 

'  The  rocka  exposed  cVoae  to  l\ie  0\m\bx  ^sa  \iwa  wi^^«t  ^^  ^^vs^s^. 
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I. — On  ths  Amygdaloids  07  the  Ttnemouth  DtkeJ 

By  J.  J.  H.  Tball,  M.A.,  F.G.S. 

(PLATE  XIV.) 

IN  a  paper  published  in  the  Qaarterly  Journal  of  the  Geological 
Society  for  1884,'  I  gave  8ome  account  of  the  Tynemouth  Dyke. 
In  that  paper,  however,  1  omitted  to  deBcribe  one  feature,  connected 
with  the  roicroBCopio  structure  of  the  dyke,  because  at  the  time  of 
writing  I  did  not  understand  it.  A  short  time  ago  I  had  occasion 
to  re-examine  my  preparations,  when  my  attention  was  again 
directed  to  the  feature  in  question ;  and  this  time  an  explanation 
suggested  itself  which  appears  to  be  in  every  respect  satisfactory. 
The  main  object  of  this  communication  is  to  supplement  my  already 
published  description  hy  giving  an  account  of  the  feature  to  which 
I  have  referred,  and  which  may  be  briefly  described  as  the  occurrence 
of  spherical  patches  of  interstitial  matter.     (See  PL  XIV.  Fig.  1.) 

At  the  time  of  my  residence  at  Tynemouth  (1882)  the  dyke  was 
exposed  in  the  angle  formed  by  the  breakwater  and  the  clifif  on 
which  the  Prior}'  stands,  and  also  in  the  cutting  close  to  the  railway 
station.  The  rock  of  which  the  dyke  is  composed  varies  somewhat 
in  character  owing  to  the  presence  or  absence  of  porphyritic  felspars 
and  small  spherical  amygdaloids.  A  typical  specimen  may  be  said 
to  consist  essentially  of  porphyritic  crystals,  or  rather  crystalline 
aggregates  of  a  felspar  closely  allied  to  anorthite,  embedded  in  a 
dark,  finely-crystalline  ground-mass,  composed  of  augite,  lath-shaped 
felspars,  and  interstitial  matter.  Olivine  has  been  detected  in  one 
or  two  slides  ;  but  it  is  not  usually  present. 

The  porphyritic  constituents  undouhtedly  belong  to  the  earliest 
phase  in  the  oonsolidation  of  the  original  mass  of  molten  matter. 
They  consist,  as  a  rule,  not  of  single  crystals,  but  of  two  or  more 
individuals.  Where  the  individuals  of  one  and  the  same  group  are 
in  contact  with  each  other,  they  exhibit  no  trace  of  crystalline  form  ;^ 
but  wbere  they  are  in  contact  with  the  ground-mass,  they  are  bounded 
by  definite  faces.  In  other  words,  the  internal  relations  of  the 
individuals  forming  a  group  are  those  of  plutonic  rocks  {e,g.  gabbro), 
whereas  the  external  relations  of  the  same  individuals  are  those  of 
volcanic  rocks.  This,  of  course,  is  in  strict  accord  with  the  general 
view  tbat  the  porphyritic  constituents  have  been  developed  under 
plutonic  conditions.    An  examination  of  the  porphyritic  aggregates 

*  Read  at  the  Brit.  Assoc.,  Newcastle-on-Tyne,  in  Section  C.  (Oeolo^^^  8^^t«  \&^^ . 
'  Petrological  Notes  on  some  North  of  England  DyVea,  xoV.  tX.  ^.  'I'^'^. 
'  See  tig,  1,  phte  xui.  aocompanying  the  paper  aoeady  xqIwcqi^  V>. 
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under  crossed  Niools  reveals  the  fact  that  the  felepar-substanoe  to 
which  the  external  idiomorphism  is  due  differs  from  that  formbg 
the  central  portions.  This,  taken  in  connection  with  the  fact  that 
the  aagite-grains  of  the  ground-mass  are  occasionally  included  in  the 
peripheral  zone  of  the  porphyritic  groups,  justifiee  the  conclusion 
that  such  extenial  form  as  the  individuals  possess  was  given  to  them 
at  a  later  stage  in  the  history  of  the  consolidation  of  the  rock  than 
that  at  which  the  groups  themselves  were  formed,  and  also  under 
different  physical  conditions. 

The  augite  is  pale  in  colour,  and  occurs  in  grains  or  granakr 
aggregates.  It  is  occasionally  penetrated  hy  the  lath-shaped  lelspars, 
and  must,  on  the  whole,  have  been  formed  after  them. 

The  lath-shaped  felspars  call  for  no  special  description*  They 
frequently  show  multiple  twinning  of  the  usual  type. 

The  interstitial  matter  contains  extremely  minute  microlites  and 
skeleton  crystals  of  felspar,  grains  and  skeletons  of  magnetite,  and 
an  indistinct  brownish  granular  substance.  It  is  not  possible  to 
recognize  any  true  glass,  even  with  the  highest  powers.  This 
interstitial  matter  occurs  in  more  or  less  angular  patches  wedged  in 
between  the  other  constituents,  and  gives  to  the  rock  the  structure 
for  which  Professor  Rosenbusch  has  proposed  the  term  inUrserioL 
The  rock  itself  would  be  termed  by  this  author  a  tholeite. 

Now  the  peculiar  feature  to  which  I  wish  to  call  special  attention 
is  the  occasional  occurrence  of  spherical  patches  of  interstitial  matter. 
These  appear  in  the  thin  sections — and  they  have  only  been  recoff- 
nized  in  the  sections — as  circles.  How  are  these  spherical  patches  to 
be  accounted  for?  An  answer  to  this  question  is  found  by  studying 
the  amygdaloids,  which  have  been  already  referred  to  as  occurring 
in  certain  portions  of  the  dyke.     (See  PI.  XIV.  Fig.  2.) 

Microscopic  examination  enables  us  to  determine  the  precise  stage 
in  the  history  of  consolidation  at  which  the  vesicular  cavities, 
now  for  the  most  part  filled  with  carbonates  with  or  without  a 
narrow  border  of  chalcedony,  were  formed.  Their  development 
evidently  displaced  the  lath-shaped  felspars,  for  these  are  often 
arranged  tangential  ly  with  reference  to  the  bubbles;  but  it  produced 
no  effect  on  the  disposition  of  the  constituents  of  the  interstitial 
matter.  It  appears,  then,  that  the  gas  bubbles  were  produced  after 
the  formation  of  the  porphyritic  constituents,  the  augite  and  the  lath- 
shaped  felspars,  but  before  the  consolidation  of  the  interstitial  matter. 
It  is  possible  that  their  development  was  due  to  the  relief  of  pressure 
consequent  on  the  rise  of  the  semi-liquid  mass  in  the  crack.  If  80» 
then  they  are  analogous,  so  far  as  their  mode  of  formation  is  con- 
cerned, to  the  bubbles  which  arise  in  the  contents  of  a  soda-water 
bottle  as  the  cork  is  partially  removed. 

Now,  the  spherical  patches  of  interstitial  matter  agree  in  form  and 
size  with  the  amygdaloids,  and  to  account  for  them  we  have  only  to 
suppose  that  the  portion  of  the  mass  which  was  liquid  at  the  time  of 
their  formation,  oozed  into  some  of  the  vesicles  owing  to  the  absorp- 
tion, escape,  or  condensatioti  o^  VVi^  ^^aa.  'YVv^\.>0Kv%\%N3iiRk  ixwa  ^xij)** 
nation  is  proved  by  ibe  occxxTx^Ti^^  ol  c«s\\:\^%  ^VvSo.XiKs^XswsQ.^^^ 
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partially  fiHed  up.  (See  PL  XIV.  Fig.  8.)  The  last  act  to  which  we 
have  to  call  attention  was  the  filling  np  of  the  cavities  remaining 
empty  after  final  consolidation  with  chalcedony  and  cc^bonates. 

We  may  summarize  the  history  of  the  rock  so  far  as  it  is  recorded 
in  microscopic  structure  as  follows  :•— 

1.  Deydopment  of  granular  aggregates  of  a  felspar  allied  to  anorthite  under 

plutonio  conditions. 

2.  Addition  of  felspar  substance  to  the  external  portions  of  the  granular  aggre- 

gates, and  the  conseouent  production  of  cr]rstiQline  form. 

3.  Deyelo^ment  of  lath-snaped  felspars.  4.  Separation  of  augite. 
6.  Formation  of  vesicles  owing  to  tne  separation  of  gas  from  the  magma. 

6.  Partial  or  complete  filling  up  of  some  of  these  fesicles  with  interstitial  matter. 

7.  Consolidation  of  the  interstitial  matter.  [carbonates. 

8.  Filling  up  of  the  Tesicles  remaining  empty  after  final  consolioation  with 

EXPLANATION  OF  PLATE  XIV. 

Augite  is  indicated  by  dots,  interstitial  matter  by  Unes.    The  felspar  is  left  clear. 

Magnetite  is  black. 
Fio.  1.  Vesicle  filled  with  interstitial  matter. 

,,2.      ,y      filled  with  carbonates. 

„     3.      „      partly  filled  with  interstitial  matter  and  partly  with  carbonates. 


II. — ^Thb  Effbcts  of  Pbbssurb  cm  Cbystalline  Limestonbs.* 
By  Prof.  T.  G.  Bonkbt,  D.Sc,  LL.D.,  F.R.8.,  F.G.S. 

THOSE  who  have  carefully  studied  the  crystalliue  schists  cannot 
fail  to  have  noticed  that  a  community  of  structure — a  sort  of 
family  lilceness — prevails  throughout  any  one  group  of  rocks,  while 
those  which  occur  apparently  at  dififerent  horizons  exhibit  dissimilar 
structures.  Thus  the  marbles  associated  with  any  group  of 
crystalline  schists  are  coarse  or  fine  in  grain,  according  to  the 
structure  of  the  latter.  But  to  this  rule  exceptions  appear,  at  first 
sight,  not  infrequent  For  instance,  in  the  Alps,  we  find  not  un- 
commonly, in  that  group  of  schists  which  seems  to  occupy  the 
highest  position,  marbles  which  present  an  abnormally  compact 
aspect  On  closer  examination  they  prove  indeed  to  be  crystalline 
in  structure,  but  the  crystals  seem  so  small,  the  general  structure 
so  compact,  that  until  we  find  them  graduating  into  typical  mica 
or  other  schists,  we  can  hardly  feel  satisfied  we  are  not  being  duped 
by  infolded  limestones  of  Mesozoic  or  Palfeozoic  age.  When, 
however,  we  study  the  microscopic  structure  of  such  crystalline 
limestones,  the  abnormality  proves  to  be  more  apparent  than  real. 
This  compact  structure  is  due,  not  to  the  absence  of  crystallization, 
but  to  the  destruction  by  pressure  of  an  original  crystalline 
structure :  for  we  find  on  examination  that  the  rock,  once  perhaps 
coarsely  crystalline,  has  been  crushed  and  again  consolidated,  so 
that  it  has  now  assumed  a  comparatively  compact  appearance. 

A  proof  of  the  above  statement  may  be  afforded  by  a  brief 
description  of  the  structures  which  are  exhibited  by  a  series  of 
limestones '  which  I  have  from  time  to  time  collected  and  examined. 

^  Read  before  Section  C,  Brit.  Assoc.  Newcastle-npon-Tyne  Meeting,  Sept.  1889. 

'  Many  of  the  Alpine  limestones,  both  in  the  Mesozoic  and  in  the  Cr^rstalline  series, 
are  more  or  less  dolumitic.  bnt  1  hare  not  thought  it  necessary  to  distinguish  these. 
The  statements  ^ppiy  ^  both,  except  that,  among  the  oidinar^  sedimft^taxv^^  A^i^ 
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In  the  Alps,  as  is  well  known,  large  masses  of  limestone  oocar 
which  are  indubitably  of  Meeozoio  age.  Sometimes  these  have  been 
exposed  to  great  pressure;  sometimes  they  appear  to  haTe  been 
uplifted  with  oomparatively  little  disturbanoe.  In  either  case  there 
does  not  appear  to  be  a  very  marked  differenoe  in  their  oiystsUine 
condition.  A  Mesozoio  Alpine  limestone  may  be  described  in 
general  terms  by  saying  that  it  resembles,  often  closely,  in  texture 
and  sometimes  even  in  colour,  one  of  the  Carboniferous  limestonei 
of  Britain — that  is  to  say,  it  varies  from  black  to  grey — though  the 
peculiar  light  grey  of  the  English  Carbonifeous  limestone  is,  so  ftr 
as  I  know,  most  unusual.  Not  seldom  the  rook  is  yellowish  in  ooloar, 
like  some  of  our  Mesozoio  limestones,  but  with  a  different  texture; 
occasioDally  it  is  reddish.  Even  where  the  calcareous  constituent 
exhibits  a  crystalline  character,  it  is  obvious  that,  if  this  were 
removed  by  the  action  of  an  acid,  the  residue  would  be,  roughly 
speaking,  mud,  silt,  or  sand  which,  as  a  rule,  has  not  undergone 
more  alteration  than  would  be  observed  in  the  above-named  British 
rocks.  If,  however,  we  examine  a  limestone  which  both  is  in- 
dubitably associated  with  a  series  of  crystalline  schists  and  has  been 
selected  from  a  comparatively  undisturbed  region,  we  find  that 
whether  coarse  or  fine  (in  the  latter  case  of  course  the  statement 
may  be  less  precise)  the  constituents  throughout  are  in  a  crystalline 
condition.  If  quartz-grains  are  present,  they  bear  no  resemblanoe 
to  those  in  a  sandstone,  but  have  evidently  assumed  their  present 
outline  in  siiu.^  If  mica,  it  is  in  like  way  evidently  authigenous. 
So  also  with  the  malacolite,  sahlite,  or  other  mineral  constituents. 
In  short,  it  is  evident  that,  whether  the  rock  were  originally  an 
organic  aggregate,  a  chemical  precipitate,  or  a  detrital  accumulation, 
the  constituents  have  undergone  a  molecular  rearrangement,  which 
is  in  all  cases  considerable  and  is  often  complete. 

If  now  we  turn  from  the  examination  of  such  specimens  to  one 
of  the  abnormal-looking  limestones,  collected  from  a  crystalline 
group  which  has  been  exposed  to  severe  pressure,  we  find  that  its 
constituents,  as  before,  are  in  a  crystalline  condition,  but  that  the 
structure  of  the  rock  is  different.  Instead  of  finding  a  considerable 
uniformity  in  the  size  of  the  calcite  grains,  we  observe  a  marked 
diversity.  In  a  ground-mass  of  granules  are  scattered  grains 
variable  in  size  and  number,  subangular  or  slightly  irregular  in 
outline,  and  sometimes  exhibiting  a  slightly  linear  arrangement  If 
an  outline  sketch  were  made  of  the  slide,  it  might  be  supposed  to 
represent  a  subangular  breccia  or  conglomerate — except  that  the 
outline  of  the  larger  grains  is  slightly  irregular  or  *  ragged.' 

Further,  many  of  these  grains  exhibit  the  twin  lamellae,  which, 
as  is  well  known,  can  be  artificially  produced  in  a  calcite  crystal  by 
pressure,  and  which,  if  they  occur  in  rocks,  are  now  commonly 

*  dolomites  *  j^ncrally  have  a  more  crystalline  aspect,  and,  among  the  cryitallioe 
schists,  do  not  usually  show  mineral  cleavage  so  readily  as  those  which  only  contain 
calcite ;  they  also  exhibit  the  usual  difi'erences  to  which  I  called  attention  in  1879 

(QJ.G.8.  vol.  XXXV.  p.  \61V 
'  Of  course  they  may  have  had  a  c\aa>ac  ii\vs^fc>jia^\sM\.  ^1  •Oti^  ^Oassa  \\»fef«^»  ^sosSiiaak 

stowB  no  trace. 
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regarded  as  indicative  of  the  same  disturbing  cause.'  Not  seldom  there 
seems  to  be  a  tendency  to  orientation  in  these  lamellas,  since  they 
either  lie  in  or  make  angles  of  about  20^  with  the  rude  planes 
of  incipient  cleavage  in  the  rock ;  these,  of  course,  being  roughly 
perpendicnlar  to  the  direction  of  pressure. 

The  well-known  crystalline  limestone  of  Tiree  is  an  interesting 
example  of  the  same  process.  This  rook  was  for  some  time  a  puzzle 
to  me,  for  the  large  size  of  the  sahlite  grains,  which  were  such  as 
might  be  expected  from  the  geological  position  of  the  rock,  seemed 
to  be  incongruous  with  the  apparently  compact  calcareous  matrix. 
One  would  have  expected  the  latter  to  repemble  the  crystalline 
calcite  in  one  of  the  malacolite  limestones  in  the  *'  Granville  series  " 
of  Canada.  But  an  examination  of  a  set  of  slides  prepared  from 
specimens  of  the  Tiree  rock  has  removed  the  difficulty.  The 
brecciated  or  conglomeratic  structure  above  described  is  at  once 
revealed  by  the  microscope.  Grains  of  calcite,  of  various  sizes,  in 
some  oases  almost  as  large  as  those  of  the  sahlite,  are  scattered  about 
in  a  finely  granular  matrix  of  calcite,  which  gives  the  usual  indica- 
tions of  having  suffered  from  pressure,  although  subsequently  it  has 
been  completely  reconsolidated.  On  closer  examination,  we  find 
here  and  there  a  grain  of  calcite,  either  occupying  an  inlet  in  one  of 
the  sahlite  grains  or  sheltered  between  two  adjacent  grains  of  the 
same,  which  has  evidently  formed  part  of  a  larger  grain,  and  which 
indicates  that  the  calcite  matrix  was  once  in  a  coarsely  crystalline 
condition  and  that  its  grains  corresponded  in  magnitude  with  that 
of  the  sahlite.  In  one  case  that  I  have  examined  the  accidental 
proximity  of  some  sahlite  grains  has  so  protected  the  calcite  that 
two  or  three  crystals  of  it  remain  unbroken,  and  we  can,  as  it  were, 
study  a  fragment  of  the  original  rock.  In  one  instance,  adjacent  to 
an  unbroken  grain  of  calcite,  are  some  of  much  smaller  size,  which, 
in  their  relation  to  the  matrix  and  their  disposition,  suggest  that  an 
original  grain,  thus  imperfectly  protected,  has  been  broken  up  but 
not  crushed.  The  matrix  of  the  slide  consists  of  calcite  granules,  in 
which  a  faint  streaking  is  seen,  suggesting  the  action  of  pressure.  It  is 
remarkable  that  the  sahlite  grains  do  not  appear  in  my  specimens  to  be 
broken  or  even  distorted.  Probably  they  have  been  saved  by  the  easy 
cleavage  and  brittleness  of  the  calcite,  which  was  reduced  to  a  powder 
by  the  pressure,  and  again  consolidated  as  the  latter  diminished. 

Miss  C.  A.  Raisin  has  recently  shown  me  a  specimen,  collected  by 
herself,  in  which  the  efiect  of  pressure  on  calcite  is  well  illustrated. 
It  is  a  brecciated  volcanic  rock  (?  andesite)  from  Perth  Oer,  north  of 
Aberdaron,  the  fissures  in  which  have  been  filled  up  by  calcite  with 
a  little  quartz.  In  consequence  of  subsequent  pressure  the  quartz  is 
displaced  and  shows  strain-shadows,  but  the  calcite  exhibits  various 
stages  of  crushing,  as  described  above,  most  of  it  being  reduced 
to  granules,  and  these  sometimes  are  slightly  'streaky'  in  their 
arrangement.  Here  then  the  history  of  the  rock  is  complete  and 
there  can  be  no  doubt  as  to  the  cause  of  the  structwi^. 

Hence  the  observations — and  they  have  b^ftu  ww\\i«t  «iL\«viA\H^ — 
^  RuUej,  Bock-forming  MineiaiB,  &.^.  GalcxU* 
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which  have  been  briefly  sammarissed  above,  lead  me  to  the  followiog 
oonclusiona  : 

1.  "While  I  would  not  venture  to  affirm  that  preesnre  has  no  effisot 
in  producing  orystallissation  in  a  limestone,  this  is  only  small  and 
subordinate,  quite  insufficient  as  a  rule  to  obliterate  the  ordinarj 
character  of  a  limestone,  such  as  occurs  in  strata  of  later  Palasosoie 
or  of  Mesozoic  age.  pertainly,  as  is  shown  by  the  study  of  limestones 
into  which  igneous  uE^sses  have  been  intruded,  the  effects  of  pleasure 
are  far  less  marked  than  those  of  heat,  under  oixonmstaneee  whidi 
appear  to  be  otherwise  similar. 

2.  When  limestone  already  ciystalline  has  undergone  severe 
pressure,  its  structure,  macroscopically  and  to  a  oonsiderable  extent 
microscopically,  is  rendered  less  coarsely  crystalline,  i.e.  instead  of  be- 
coming more  distinctly  crystalline,  it  is  made  to  resemble  more  nearly 
an  ordinary  limestone  (non-oolitic  and  unfossiliferous)  such  as  might  be 
obtained  in  Derbyshire,  in  South  Devon,  or  in  many  parts  of  the  Alps. 

Perhaps  I  should  add  that  I  am  fully  aware  that  some  geologuta, 
whose  opinion  is  entitled  to  respect,  have  recently  asserted  that 
certain  crystalline  limestones  in  the  last-named  district  are  Jurassio 
rocks  which  have  been  altered  by  pressure.  The  typical  instance  of 
this,  as  it  may  be  called,  has  long  been  known  to  me,  and  has  beoi 
recently  examined  anew.  It  will  take  some  time  to  complete  the 
study  of  the  specimens  which  have  been  added  to  my  collection,  and 
until  that  is  done,  I  will  say  no  more  than  that  this  identification 
appears  to  me  an  hypothesis,  in  support  of  which  only  a  little  and 
against  wbich  very  much  evidence  can  be  adduced. 

Indeed,  as  I  hope  to  show  in  a  paper  now  nearly  completed,  which 
will  include  the  results  of  this  and  other  work  in  a  like  field,  the 
direct  effects  of  pressure  are  rather  destructive  than  constructive — 
a  matter  which  I  think  has  sometimes  been  overlooked  in  specula- 
tions on  '  pressure-metamorphism.'  It  is  but  a  part  of  a  chain  of 
sequences,  though  here  also  it  may  be  true  that  (to  speak  figura- 
tively) '*  mUle  animas  una  necata  dedit." 


III. — Terrestrial  Magnetism  as  Modified  by  the  Struotube  of 
THE  Earth's  Crust,  and  Proposals  Concerminq  a  Magnetic 
Survey  op  the  Globe.* 

By  Dr.  Edmund  Naumann. 
"rpHE  study  of  any  new  science,"  says  Alexander  v.  Humboldt, 
X  "  niay  be  compared  to  a  journey  to  distant  lands.  Before 
starting  in  company  with  others,  the  question  as  to  the  practicability 
of  the  journey  is  raised ;  while  examining  one's  own  powers,  the 
qualities  of  fellow-travellers  are  looked  upon  with  disti-ust.  It  is 
feared — perhaps  without  just  reason — that  they  might  cause  un- 
pleasant detention.  In  our  time  the  difficulties  of  an  undertaking  of 
this  kind  are  much  diminished.  Any  confidence  is  founded  on  the 
bright  blossoming  state  to  which  natural  sciences  have  grown,  their 
wealth  being  no  more  lYie  eibxiTidwiV  Q^«Qi\\73 ,  Wt  the  concatenation 
of  what  has  been  obRerved '' 
'  Head  at  the  Brit.  Assoc.  li^ei?csftt\e,>»iox^  ^^-^wi^  V^^^s^^,'^«^.^M^5^. 
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These  remarkable  words  were  spoken  nearly  half  a  centary  ago. 
Since  then  natural  sciences  have  undergone  enormous  development, 
many  methods  of  investigation  have  been  completely  changed,  and  the 
aim  of  concatenating  facts  has  greatly  iufluenced  the  methods  of  obser- 
vation. Systems  which  were  then  descriptive  have  been  replaced  by 
others  in  which  the  various  facts  are  arranged,  so  as  to  exhibit  their 
relation  to  causes,  and  by  reducing  the  number  of  isolated  facts,  di£fer- 
ent  fields  of  investigation  have  been  brought  into  rfoser  relationship. 

The  change  which  has  taken  place  is  particularly  striking  in  the 
case  of  Mineralogy.  Modem  mineralogists  devote  considerable  at- 
tention to  PhysioU  Crystallography,  a  study  which  borrows  its 
methods  from  a  sister  science,  and  the  results  attained  by  the 
combination  are  very  satisfactory. 

By  the  aid  of  light  we  are  enabled  to  discern  the  structure  of 
crystallized  bodies,  and  to  trace  the  marvellous  connection  between 
composition,  structure,  and  form.  The  motions  of  light,  although 
the  besty  are  not  the  only  means  of  investigating  internal  structure, 
for  those  of  heat,  electricity,  and  magnetism,  also  depend  on  the 
shape,  size,  and  arrangement  of  the  smallest  particles  and  their 
interstices.  Any  interposition,  any  fissure,  causes  changes  of  wave 
motion,  for  this  motion  can  only  be  propagated  regularly  in  homo- 
geneous media,  and  its  character,  velocity,  and  direction  of  propa- 
gation are  altered  wherever  any  variation  from  homogeneity  exists. 

Changes  of  this  kind  occur  even  at  the  planes  of  composition  of 
twin  crystals,  where  no  alteration  of  substance,  but  a  mere  change 
of  structure,  takes  place.  In  the  same  way,  the  electric  currents 
passing  through  the  earth's  crust  must  be  diverted,  or  accelerated, 
retarded,  or  modified,  wherever  the  uniformity  of  composition  is 
interrupted.  Such  interruptions  will  be  caused  by  deep  fissures, 
once  open  at  the  surface  and  leading  towards  the  earth's  interior, 
lliese  clefts  cannot  generally  be  found  by  direct  observation,  but 
require  the  aid  of  geological  research. 

At  the  present  day,  probably  the  majority  of  physicists  consider 
the  globe  to  be  a  body  of  very  uniform  composition  or  structure,  and 
though  it  is  generally  admitted  that  there  is  a  change  of  structure 
radially,  the  irregularities  which  divide  one  and  the  same  of  the  pre- 
sumed concentric  layers  into  unequal  parts,  are  generally  neglected, 
although  geology  has  proved  the  predominance  of  such  irregularities 
in  the  earth's  crust. 

Modem  geology  no  longer  accounts  for  the  differences  between 
observed  and  calculated  polar  altitudes  by  assuming  constant  errors, 
the  compensation  of  which  is  effected  on  the  method  of  Least 
Squares.  We  know  that  the  earth  is  irregular  in  form,  and  that 
its  shape  cannot  be  expressed  by  any  mathematical  equation.  The 
so-called  geoid  is  not  geometric  in  form,  and  there  is  in  fact  an 
infinite  number  of  geoids.  These  discoveries  have  greatly  limited 
the  application  of  the  method  of  Least  Squares.  Irregularities  exist 
not  only  in  the  form  of  the  earth,  but  also  in  the  distribution  of 
matter,  and  precautions  are  just  as  necessax^  m  '^Vi')j«vQ^^^^\^is^ 
tvaearobea  as  in  geodetic  invest igations,  U  a  ma\\i^mftX\aa\  <iov3K^^^»<' 
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Hon  of  errors  is  to  be  attempted.  Thongh  errors  of  obsenration  ctnnot 
be  avoided,  there  is  no  doubt  that  in  many  oases  deviations  from  a 
certain  expected  result  are  not  due  to  errors,  but  to  actual  irrega- 
larities  presented  by  nature.  These  deviations  were  formerly 
referred  to  accidental  causes  or  to  local  influences,  and  the  unexpected 
results  were  conaidered  anomalous  and  disappointing;  and  even  up 
to  the  present  day  it  has  been  customary  to  arbitrarily  modify  results 
which  do  not  agree  with  mathematical  formulas,  and  to  constrain 
curves  that  would  not  otherwise  have  exhibited  the  expected 
regularity. 

The  earth^s  crust  is  considerably  broken  and  fissured,  and  its 
superficial  layers  folded;  these  disturbances  must  have  some  infiueDce 
on  the  phenomena  resulting  from  the  motions  which  we  call  heat, 
electricity,  and  magnetism.  Of  these  forces,  magnetism  is  the  one 
most  useful  in  the  study  of  the  earth's  structure,  and  just  as  optical 
phenomena  are  employed  in  researches  on  the  internal  structure  of 
crystals,  those  of  magnetism  may  be  used  to  investigate  the  internal 
structure  of  the  globe.  Ma<]:netio  phenomena  may  be  regarded  as 
telegraphic  messages  from  distant  depths,  but,  unfortunately,  in  the 
present  state  of  science,  it  is  impossible  to  decipher  them. 

In  a  memoir  entitled  "  The  Phenomena  of  Terrestrial  Magnetism 
in  their  Dependence  upon  the  Structure  of  the  Earth's  Crust,"  ^  I 
have  given  a  large  number  of  instances  in  which  the  distortion  of 
magnetic  curves  are  caused  by  clefts  in  the  crust,  and  have  pointed 
out  that  the  isogonic  lines  afford  the  clearest  indications  of  a  con- 
nection between  magnetic  and  structural  conditions.  The  'isogones' 
are  much  more  important  than  the  magnetic  meridians ;  this  will  be 
easily  understood  as  soon  as  electricity  and  magnetism  are  considered 
to  be  different  manifestations  of  one  and  the  same  force.  From 
recent  investigations  made  in  Germany  it  is  highly  probable  that  an 
intimate  connection  exists  between  Earth  Currents  and  Terrestrial 
Magnetism,  and  if  this  be  true,  deviations  in  the  direction  of  the 
currents  ought  to  be  accompanied  by  changes  of  declination.  For 
such  reasons  I  consider  the  Isogones  to  be  the  best  indicators  of  the 
course  of  the  earth-current. 

The  systems  of  magnetic  curves  show  very  distinctly  a  relation 
to  mountain  ranges,  faults,  eruptions,  and  tectonic  disturbances, 
wherever  a  detailed  magnetic  survey  has  been  made.  Irregularities 
in  the  curves  are  so  frequent  that  their  existence  could  not  be  denied 
even  at  the  very  beginning  of  magnetic  surveying ;  however,  they 
were  not  attributed*  to  want  of  internal  uniformity  of  the  globe,  but 
to  the  influence  of  magnetic  masses  at  or  near  the  surface,  to  denote 
which,  the  special  name  **  Rock  Magnetism  "  was  introduced.  There 
are  magnetic  rocks  at  the  surface,  and  almost  any  kind  of  rock,  such 
as  Serpentines,  Granites,  Syenites,  Porphyries,  Diorites,  Trachytes, 
Andesites,  Basalts,  etc.,  may  act  on  the  needle,  but  there  are  no 
magnetic  rocks  below  the  surface !  Even  magnetic  iron  ore  does  not 
show  a  trace  of  magnetistti  directly  after  it  is  taken  from  the  mine, 

'  Die  ErschcinuTipen  Aoa  ETdmQL^xi«>\K*m\3kS  Vol  '^x^x   XX^c&si'^^gcL«^.xKiTi.l5«5^.>l». 
£n2imde.    StuUgart,  IBftl 
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bat  the  magnetio  property  is  developed  after  being  exposed  to  the 
atmosphere  for  some  time. 

In  the  above-mentioned  memoir  I  have  endeavoured  to  prove  that 
the  so-oalled  "  rock  magnetism  "  does  not  produce  the  distortion  of 
magnetic  carves,  and  I  here  quote  one  example  to  show  how  insigni- 
ficant these  local  disturbances  are.  The  long  chain  of  mountains, 
Eatschanar-Blagodat-Wissakaja  Gora  of  the  Ural,  consist  chiefly  of 
magnetic  iron  ore,  and  although  the  compass  is  strongly  affected  in 
the  immediate  neighbourhood  of  the  ore  in  the  quarries,  yet  the  chain 
produces  no  remarkable  distortion  in  the  system  of  magnetic  curves. 
Other  examples  might  be  given  to  show  that  "  rock  magnetism  "  is 
a  secondary  phenomenon  confined  to  the  very  surface  of  masses,  and 
not  a  property  of  the  masses  themselves.  Moreover,  the  surfaces  of 
rocks  which  exhibit  magnetic  properties,  generally  present  a  con- 
siderable number  of  irregularly  distributed  poles. 

The  connexion  between  magnetic  and  structural  phenomena  was 
foreseen  by  several  distinguished  observers.  It  was  on  the  26th  of 
Hay,  1849,  that  Ereil  read  his  paper  '*  On  the  Influence  of  the  Alps 
on  the  Reactions  of  the  Magnetic  Force  of  the  Earth."  ^  He  was 
not  clear  about  the  tectonic  relations,  but  knew  with  certainty 
that  some  connexion  existed  between  magnetic  phenomena  and  the 
internal  condition  of  the  earth's  crust,  and  that  the  cause  of  mountain 
ranges  had  considerable  influence  on  the  direction  of  the  magnetic 
curves. 

At  a  still  earlier  date  Locke  communicated  his  paper  to  the 
American  Philos.  Soc.  of  Philadelphia.*  In  it,  many  interesting 
observations  were  made  which  might  have  been  followed  with 
advantage,  but  unfortunately  his  work,  like  that  of  many  others, 
was  forgotten.  He  surveyed  magnetic  profiles,  and  plotted  inclination 
curves  having  distances  as  abscissad  and  ''magnetic  dips"  as 
ordinates.  The  curve  for  the  line  passing  over  the  horizontally 
stratified  rocks  of  the  West,  through  Kentucky  and  Ohio,  and  along 
the  Mississippi,  shows  generally  a  very  gradual  rise  until  it  crosses 
eruptive  rocks  between  Baltimore  and  New  York,  where  it  exhibits 
a  rise  and  fall  <'  like  the  contour  of  primitive  or  igneous  mountains." 
(See  Plate  XV.  Fig.  1.) » 

Many  extensive  surveys  have  been  made  since  Humboldt  and  Gauss 
brought  the  subject  into  prominence,  but  there  have  been  few 
observers  who  were  not  somewhat  embarrassed  by  the  mathematical 
theory  of  Gauss,  and  nearly  all  have  considered  the  irregularities 
in  magnetic  charts  as  something  accidental,  anomalous  and  vexatious. 
The  recent  activity  in  magnetic  surveying  is  very  gratifying,  but 
many  observers  still  use  the  old  methods,  although  they  are  capable 
of  considerable  improvement. 

The  rate  of  progress  could  be  further  accelerated  by  establishing 

*  Denkscbriften  der  Eaiserlichen  Akademie  der  Wissenschaften.  Mathem.  natur- 
witBench.  Elasse.  Bd.  I.  Wien,  1850. 

'  Locke,  ObserTations  of  the  Ma^etical  Force  ia  seyeral  parta  of  tlie  United 
StotM.     Tnns.  Am.  Phil.  Soc,  PhUadelphia,  vol.  \x.  \%\e»,  i^.  7&^. 

*  Tbe  Plates  UIuBtntiDg  Dr.  E.  Naumanii*B  pap«i  '^VSl  wysom^wi^ '^wfv.  W*  \a. 
December  Hamber  Gbol.  Af  ao.— ^Edit. 
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and  following  a  general  adheme  for  a  Hagnetio  Survey  of  the  whole 
globe,  and  united  efforts  might  oonsiderably  rednoe  the  labour 
involved  in  so  great  an  undertaking.  It  is  very  deeirable  that  inch 
a  Bystematio  and  complete  survey  should  be  taken  in  hand,  instead  of 
giving  particular  attention  to  limited  districts,  and  1  solicit  the  help 
of  those  interested  in  the  subject,  in  starting  an  undertaking  in  whi<& 
we  may  be  sure  that  all  nations  will  gladly  join. 

(To  be  ccncluded  in  our  next  Number, "^ 

IV. — On  the  Ststbhatio  Position  of  the  "  Dcndrodoht  "  Fibhu. 

By  Dr.  R.  H.  Traquaui,  F.R.S.,  F.G.S. 

IN  a  short  paper  on  the  nomenclature  of  the  Old  Red  Sandstone 
Fishes  published  in  this  Magazine  for  November,  1888,  I 
expressed  the  opinion  <'  that  the  scattered  teeth  and  fragments  of 
jaws  known  as  Dendrodut  and  Lamnodus  belong  to  fishes  tt 
present  known  to  us  by  their  scales  as  species  of  HohptyehivB  and 
Olyptolepta,'*  The  family  terms  "  HoloptychiidsB "  and  "  Dendio- 
dontida3 "  I  consider  absolutely  synonymous.  On  the  other  hand, 
the  Hhizodontidsd  {Gyroptyehius,  TristiehopteruSf  Rhizadut,  etc.) 
present  a  somewhat  different  form  of  tooth -structure,  and  one  which 
is,  in  the  main,  identical  with  that  which,  in  so  many  Stegocephalou 
Amphibia,  is  called  "  labyrinthodont" 

The  reasons  in  support  of  this  opinion  are  something  considerably 
beyond  the  region  of  conjecture,  —they  amount  to  positive  proof. 

As  far  back  as  1849,  Hugh  Miller  *  figured  portions  of  jaws  with 
teeth,  as  well  as  microscopic  sections  of  teeth  from  Thurso,  which 
are  undoubtedly  referable  to  Owen's  genus  Dendrodus,  both  as  regards 
external  configuration  and  internal  structure.  Of  this  Miller  was 
aware,  though  he  refers  them  to  Aaterolepis,  Eichwald,  along  with 
the  large  cranial  shields  and  other  remains  of  a  great  coocostean  fish, 
Homosieus  of  AsmuAS.  Now  nothing  can  be  more  certain  than  that 
these  dendrodout  teeth  from  Thurso  belong  to  a  large  species  of 
GJypiolepis,  in  more  than  one  head  of  which,  belonging  to  the 
Edinburgh  Museum,  they  may  be  seen  in  sitn.  This  Glyptolepis  is 
also  identical  with  Agassiz's  ''  Platygnathus**  pavcidena. 

As  regards  the  very  closely  allied  Upper  Old  Red  genus  Holoptychm, 
1  have  not  obtained  any  microscopic  sections  of  teeth  found  in  siln; 
but,  to  judge  from  the  external  characters  of  these  teeth,  as  seen 
through  a  good  hand-lens,  it  is  impossible  to  doubt  their  dendrodont 
nature.  And  finally  the  portions  of  jaws  which  occur  displaying 
teeth  of  "  Dendrodus  "  are  undoubtedly  Holoptychian  in  their  con- 
figuration. 

Now,  the  occurrence  in  the  Holoptychiidaa  of  pectoral  fins  dis- 
playing the  "  archipterygeal "  configuration  clearly  enough  shows 
that  there  must  be  some  genetic  connection  between  this  family 
and  the  Dipnoi.  I  was  therefore  interested  to  read  in  the  introduction 
to  a  recent  paper  on  this  subject'    by   Dr.  J.  V.  Kohon  that  the 

*  Footprints  of  the  Creatot,  ^toI  e^^on,  \%\^, ^^.  ^^,  ^V,  VI  Mid  33. 
'  Die  l)6ndrodont«  des  devoTi\sc\ieii  ^^^\/e\Q&  vo.  ^\ve;^\A^  ^vscsl.  kss^  Vs^. 
'  "K  PWaribourg  (lii.)  to\.  mlxxy.  ^o.  W,  \^^^. 
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'*  Dendrodonts  *'  do  not  belong  to  the  Ganoidei,  but  to  the  Dipnoi,  as  he 
bad  been  able  to  prove  the  autostylic  condition  of  the  skull — "  d.h.  das 
mit  dem  Schadel  unbeweglioh  verschmolzene  Palatoquadratum  und 
das  verkiimmerte  Hyomandibulare."  On  reading  the  paper,  however, 
and  examining  the  two  very  pretty  plates  by  which  it  is  illustrated, 
one  is  rather  disappointed  as  to  the  evidence  which  Dr.  Bohon  has 
adduced  to  prove  his  position. 

It  is  of  course  not  always  easy  to  identify  every  part  of  a  fossil 
fish  skull  from  drawings  only,  but  there  are  a  few  points  concerning 
the  fossil  figured  by  Dr.  Bohon  as  the  ''skull'*  of  Dendrodus  biporeatus 
which  are  self-evident. 

This  **  skull "  (pi.  i.  fig.  1)  is  not  the  entire  skull,  with  several 
body -vertebras  fused  with  it,  as  Dr.  Rohon  seems  to  imagine,  but 
only  the  anterior  part  or  snout  broken  ofif  near  the  interorbital 
r^ion.  His  ''  pterygo-palatine  "  bones  are  the  two  elements  of  the 
duplex  vomer,  each  of  which,  as  in  the  Ehizodonts  and  Saurodipterines, 
bears  one  or  more  large  tusks.  The  skull  being  broken  ofif  quite 
anterior  to  the  brain-cavity,  it  will  hardly  be  appropriate  to  designate 
anything  here  displayed  as  "  quadrate  "  or  "  hyomandibular,"  the 

Btrts  so  lettered  being  in  reality  ante-orbital  in  position  I     What 
r.  Rohon  interprets  as  orbit  (though  indeed  with  a  query)  is  a 
orevice  apparently  at  the  postero-external  part  of  the  premaxilla. 

Dr.  Rohon  seems  to  put  great  weight  on  the  '' einheitUchen 
BEautknochen  **  by  which  the  *'  Schadeldecke  "  is  represented.  The 
fusion  of  the  dermal  plates  of  the  snout  with  the  premaxillsa  into  one 
piece  is  not,  however,  a  very  rare  phenomenon  in  Devonian  Crosso- 
pterygii,  and  is  indeed  well  seen  in  a  large  skull  of  Olyptolepis 
paucidens  in  the  Edinburgh  Museum. 

In  fig.  3  Dr.  Rohon  represents  a  broken-ofif  snout  which  he  refers 
to  a  new  species  of  Cricodus  {C,  Wenjuckowi).  Here  the  supposed 
*'  orbits "  have  a  most  suspicious  resemblance  to  nasal  openings. 
The  orbits  in  many  old  fossil  fishes  are  anterior  enough,  it  is  true, 
but  not  quite  situated  upon  the  very  front  of  the  snout  itself. 

In  fig.  10  Dr.  Rohon  has  given  a  view  of  a  dentigerous  fragment 
from  Thurso  which  he  supposes  to  be  a  part  of  a  skull  of  Dendrodus 
showing  the  cranial  cavity.  As  the  diameter  of  the  supposed  cranial 
cavity  is  not  greater  than  that  of  the  base  of  the  large  tooth  attached 
to  the  specimen,  this  interpretation  can  hardly  be  correct. 

Nor  can  I  admit  that  the  dentigerous  fragment  depicted  in  his 
fig.  11  represents  the  entire  mandible  either  of  Dendrodus  or  any 
other  fish.  I  think  also  that  Dr.  Rohon  is  hardly  entitled  to  explain 
the  discrepancies  between  this  fragment  and  the  mandibles,  figured 
by  Pander,  Trautschold  and  Agassiz,  on  the  supposition  that  they 
belonged  to  fishes  which,  though  **  allied  to  the  Dendrodonts  in  the 
structure  of  their  teeth,  were  tolerably  far  removed  from  them  as 
regards  the  constitution  of  the  lower  jaw,  and  probably  also  of 
the  skulL" 

At  the  end  of  the  paper  he  gives  an  "  attempt  at  a  restoration  " 
of  Dendrodus  biporeatus,  Owen.     Here  the  bod^  Mivi^\i%  ^x^  \at\sj^^^ 
%B  in  GifToptychius,  and,  \i  the  author  oonei&ei^  Denvdrodua  \ft  \iS5k  %* 
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Dipnoan,  it  is  certainly  strange  that  he  shonld  represent  it  with  the 
obtusely  lobate  pectorals  of  the  Rhizodonts  and  Oateolepidi  insteid 
of  with  the  acutely  lobate  or  unabbreviate  arobipteiygeol  members 
of  Ceratodua  or  Dipterm.  Except  the  mandible,  no  bones  are  marked 
off  on  the  head,  in  accordance  with  the  idea  that  the  oranial  roof  ii 
represented  by  a  single  dermal  bone,  while  near  the  end  of  the  moat 
are  placed  two  minute  orbits.  It  is  to  be  hoped  that  no  futare 
compilers  of  geological  or  palsBontological  text-books  will  copy  this 
extraordinary  figure  and  insert  it  as  a  *'  restoration  of  DendrodtuJ* 

As  the  result  of  his  researches  Dr.  Bohon  announces  that  the 
genera  Dendrodtu,  Owen,  and  Cricodui,  Agassiz,  are  not  Ganoids, 
and  considers  that  they  should  be  reckoned  as  forming  a  pecoliar 
order  of  Dipnoi.  Of  this  supposed  "  order  "  he  gives  the  following 
definition  : — ''  Fishes  with  depressed  head,  whose  surfaoe-omament 
consists  of  ridges  and  tubercles.  The  free  margin  of  the  snonfc  is 
set  with  numen)us  small  teeth,  whose  folded  dentine  encloses  a 
spacious  pulp-cavity.  Two  powerfully  developed  palatal  teeth, 
which  are  intimately  united  with  the  pterygo-palatine,  and  within 
the  folded  dentine  contain  a  spacious  pulp-cavity ;  they  are  placed 
asymmetrically.  The  bony  quadrate  is  fused  with  the  skull  A 
styliform  parasphenoid  displays  on  its  surface  a  tract  of  little  tuhercle- 
like  teeth,  and  is  the  bearer  of  several  fused  vertebras,  drawn 
into  the  skull.  Very  small  orbits  (?)  and  two  internal  nasal 
openings  are  present.  The  skull-roof  represents  a  simple  dermsl 
bone,  whose  histological  structure  corresponds  to  that  of  tme 
osseous  tissue." 

Now  as  this  definition  is  founded  upon  an  entire  misinterpretation 
of  the  specimens  figured  in  the  paper,  I  fear  it  can  only  be  looked 
upon  as  a  curiosity  of  scientific  literature.  Whatever  relationship 
"  Dendrodtis  "  may  have  with  the  Dipnoi,  it  is  certainly  not  in  the 
manner  indicated  by  Dr.  Rohon,  and  I  for  one  do  not  as  yet  see 
any  reason  for  separating  the  Holoptychiidae,  of  which  I  consider 
"  Dendrodontidaa  "to  be  a  simple  synonym,  from  the  Croesoptery- 
gian  Ganoids. 

Again,  I  must  refer  to  my  paper  on  the  nomenclature  of  the  Old 
Red  Sandstone  fishes  with  regard  to  Cricodaa,  which  Dr.  Rohon  also 
includes  in  his  Dendrodont  Dipnoi.  If  Pander's  Polyploeodut  be 
synonymous  with  Aj2:as8iz*s  Cricodus,  then  the  latter  is  certainly 
not  a  Dendrodont  or  Holyptychian,  but  a  Rhizodont. 

V. — On  Zonal  Stbuotukk  in  Olivine. 

By  J.  Sheakson  Htland,  Ph.D.,  M.A., 
Of  Her  Majesty's  Geological  Survey. 

IN  a  recent  paper  on  the  volcanic  rooks  of  Kilimandjaro  T  referred 
to  the  presence  in  the  basaltic  lavas  of  olivine  crystals,  which 
appeared  to  possess  zonal  structure.  Although  actual  proof  was 
wanting,  still  the  symmetrical  arrangement  of  the  inclusions,  as  also 
the  mode  of  alteration  of  iVv^  CT^j^taU,  rendered  the  occurrence  of 
such  a  structure  \\\v;^^\y  pTo\>«XA^.  Ttia  ^\N\Tw^&,\il^\Tv^xv^\^\sss^^ 
were  altered  into  ierrvQ  ox\^e>  ox  ^^xtv^  Va\x>swV^\  «kA  ^^\nm^^ 


Dr.  J.  S.  Hyknd— Zonal  Structure  in  Olivine.  493 

division  between  the  fresh  and  decomposed  portions  was  moetlj 
parallel  to  the  cry  stall  ographic  outlines.'  There  was,  however, 
BO  break  in  the  optical  continuity,  such  as  tbe  presence  of  zonal 
■tmoture  would  demand. 

A  miorosoopioal  examination  of  eome  similar  roolta  from  the  same 
locality  has  led  to  the  gratifying  discovery  of  true  evidence  of  zonal 
•truotnre  in  this  mineral.  Fig.  1  shows  a  corroded  olivine  exhibiting 
this  phenomenon,  Tbe  inner  zone  is  shaded  in 
order  to  graphioally  represent  its  outline  with 
reference  to  the  contours  of  the  ci^stal.'  Tbe 
aones  are  dissimilar  in  their  optical  behaviour, 
the  difference  between  their  extinction-angles 
being  as  muob  as  6°.  In  transmitted  light  there 
i*  a  trace  of  tbe  structure  apparent ;  ^e  upper 
line  of  division  being  a  plane  of  fracture,  the 
lower  being  marked  by  glass  inolnsiona. 

Tbe  literature  on  the  subject  is  not  extensive. 
Tan  Werveke,  in  1879,  seems  to  have  been 
the  fit«t  to  suggest  tbe  possible  occurreuoe  of 
Eonal  structure  in  this  mineral.  In  his  paper  on  the  Palma  basalta 
he  mentioned  the  presence  in  this  oonstituent  of  glass  inclusions, 
which  were  arranged  parallel  to  the  crystal lographio  outlines.  This 
induced  him  to  expect  zonal  structure.'  In  the  same  year  Hofmann 
formed  a  similar  opinion  as  the  result  of  his  observations  of  the 
presence  of  "  zones  which  were  different  in  their  optical  characters 
and  in  their  manner  of  alteration."  <  Bruno  Doss,  in  his  paper  on 
Syrian  basalts,  described  and  figured  olivines  composed  of  conoentrio 
laj'ers,  but  was  able  only  in  one  instance  to  note  a  variation  in  the 

rlarisation  tints.'  Stock  has  also  mentioned  a  similar  experience.' 
fail,  however,  to  find  any  iustauoe  recorded  where  the  difFerenoe 
in  the  extinction-angles  was  so  great  as  to  allow  of  its  accurate 
determination. 

Crystals  grow  by  accretion,  that  is,  by  the  addition  of  matter  to 
their  external  surfaces.  If  this  addition  be  regular  and  constant, 
the  crystal  formed  will  be  a  correct  type  of  tbe  species.  But,  if  the 
growth  be  intermittent,  complications  will  arise.  In  this  respect  a 
crystal  is  like  a  living  organism  :  it  is  affected  by  its  environment 
The  crystal  modifies  its  surroundings,  and  is  in  turn  modified  by  them  : 
there  ia  action  and  reaction  between  it  and  its  environment  Inter- 
mittent growth  must,  acoordingly,  tend  to  produce  zoned  structure. 
In  the  cose  of  isomorpbons  mixtures  like  augite  and  felspar  this 

>  "  Ueber  die  Geitetne  dea  EilimaDdicliaro  and  dessen  Um^bong."  Tschennaii'B 
Hittheilanjen,  1888,  vol.  i.  pp.  22«  and  2116 ;   also  piste  TJi.  fig.  2. 

'  The  muMral  girea  reactions  charadeiutiD  Ibi  olivine. 

)  "  Beitrsg  zm  Kenntniu  der  Qeat  d.  Iniel  Palms."  Neaes  Jahiboch  fiit 
Vineralogie,  etc..  1B79,  p-  B20. 

'  "  Die  Bualt^eat  dea  sudlicheo  Bakonj,"  BoJa^i^  1S79,  pp.  27  and  193. 

*  "Die  bataltuchen  Laren  and  TnSe  der  Frovini  Hsuran,  etc,"  Tscbennali'i 
Mitt  1886,  *u.  p.  488  1  plate  ii.  Sg.  32. 

•  "DieBaM]%«(t  dMXobaDBrBarg«a,'*TachenDak'iU.\tt.\%%&,\x.^.\%'V-,  «& 
^tta  ix.  Og,  2. 
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tendency  is  partioularly  strong,  and  usnally  leads  to  the  oonstrnctioa 
of  crystals  built  up  of  innumerable  layers,  different  in  chemical 
constitution  and  ofien  so  fine  as  to  require  the  microaoope  for  their 
detection.  Since  olivine  represents  an  isomorphoos  mixture  of  Mg* 
SiO*  and  Fe'  SiCH,  it  should  be  equally  liable  to  this  stroctnie, 
and  the  poverty  of  observations  on  the  point  seems  all  the  more 
remarkable. 

If  the  outline  of  the  inner  zone  be  studied,  decided  evidence  of 
its  corrosion  through  the  fluid  magma,  previous  to  the  deposition 
of  the  outer  shell,  will  be  observed.  This  alone  is  proof  of  the  two 
zones  representing  different  periods  of  growth.  The  oonoded  fona 
of  this  inner  zone  reminds  us  of  the  analogy  existing  between  a 
crystal  and  an  organism  in  manner  of  growth.  The  infloenoe  of  the 
environment  has  already  been  referred  to ;  but  the  regenention  of 
lost  or  injured  parts  ^  is  also  common  to  both.  H.  L.  Pasteur  has 
particularly  studied  this  property  in  crystals.  He  refers  to  the 
process  as  follows :  *'  Quand  un  cristal  a  ete  brise  sur  Tone  qiiel- 
oonque  de  see  parties  et  qu'on  le  replace  dans  son  eau  m^rey  en  mime 
temps  qu'il  s*agrandit  dans  tous  les  sens  par  un  depdt  de  particQlei 
cristallines,  un  travail  tr^s-actif  a  lieu  sur  la  partie  brisee  ou  deformee, 
et  en  quelques  heures  il  a  satisfait  non-seulement  k  la  r§gularite  da 
travail  general  mais  au  retablissement  de  la  r%nlarit6  dans  la  partie 

mutilee La  partie  endommagee  reprend  pen  &  pen  sa  forme 

primitive,  mais  la  travail  de  reformation  des  tissus  est  en  cetendroit 
bien  plus  actif  que  dans  les  conditions  normales  ordinaires."  ' 

Applying  these  observations  to  the  case  under  consideration,  we 
conclude  that,  corrosion  having  ceased  and  the  constructive  process 
having  recommenced,  growth  was  more  rapid  at  the  corroded  than 
at  the  uninjured  part  of  the  crystal.  Consequent  upon  this  special 
activity,  regularity  of  form  was  re-established,  and,  **  regeneration" 
having  thus  occurred,  constant  accretion  completed  the  orystaL 

14,  Hume  Street,  Dublix. 


VI. — On  the  Musculab  Impressions  op  C<elosautilu8*  CABiyiFERUS* 

J.    DE   C.     SOWERBY,  8P.,  COMPARED  WITH   THOSE   OF   THE   BeCEM 

Nautilus. 

By  Arthur  H.  Foord,  F.G.S.,  and  G.  C.  Crick,  F.G.8. 

IN  examining  the  remarkably  fine  series  of  examples  of  Calo" 
nautilus  cariniferusy  mostly  from  the  Carboniferous  LimestoDe  of 
Ireland,   contained   in   the   Geological    Collections  of   the  British 

>  Ger.  Reproduktion  verletzter  Theile. 

'  **  Etudes  sur  les  modes  d'accroisement  des  cristaux,  etc."  Compt.  rend,  tome  43, 
1866,  p.  795;  sec  also,  F.  Scharff,  '*Ueber  die  ansheilung  Terstummelter  oder  im 
Wachstn  verhindert  gewesener  Krystalle,  etc.,"  Pogg.  Ann.  vol.  109,  1860,  p.  629; 
AV.  Ostwnld,  Lebrbuch  d.  allg.  Chemie,  Leipzig,  1886,  Bd.  i.  p.  738 ;  according 
to  Scbiirif  (I.e.)  Jordan  made  an  observation  similfur  to  Pasteur's  as  far  back  as  1842 
(in  Miiller's  Archiv.). 

*  This  name  from  itoiXov  YioWo^  ^jtlwrvo^  \ft  "Cftft  xasj^sijtf^,  %ad  Nautilus^  is 
proposed  by  one  oi  us  in  bubaXiVoXiou  iox  Tremalod\4cu%^\L«^  ^sA^  ^^c^^^^^'^^^ 
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Hawum  (Nat,  Hiit,),  aome  were  fonnd  to  exhibit  npon  the  oast  of 
the  body-diamber  diatiiiat  marka  of  the  Bhell-mueoles.  Id  one 
■peoimen  (No.  50190)  these  are  ao  perfect  as  to  give  a  very  clear 
ontline  of  their  form,  and  some  of  the  teat  having  been  removed, 
their  entire  ooitrse  can  be  made  out. 

The  aooompatiying  Figures  (A,  B,  D)  show  the  appearance  of  these 
nrnacnlar  impressions,  oarefully  drawn  of  the  natural  size,  from  this 
■pecimen. 


O^immlittit  mrinifma,  J.  de  C.  Sowerby,  ip.,  from  llie  Carboniferoiu  Limeitane, 
Cork,  Ireland. — A,  T«ntral  or  peripheral  upeet  of  the  hue  of  the  bodv-chBTuber 
(nat.  aue],  ihoTing  at  m,  m,  morlu  of  the  ahell-miuclea  (m  in  all  the  other  figures 
liaa  tho  same  meuune) ;  f>,  in  hU  the  fi^ucea  (eulnnTe  of  ()  refen  to  the  pitted 
ud  nigoie  nufioe  of  tbe  maacnlu  impreenona :  B,  donol  (inlenltd)  Aapect  of  the 
Mme  fnigmsBt,  (,  leet,  ii,  dorsal  lobe  of  a  ssptnm ;  C,  baw  of  tbe  bDdj'ChambeT 
of  a  lai^er  [F  adolt)  specimen,  t,  teat,  gr,  rrooTe  ;  D,  ledaced  Grure  of  a  nearly 
perfect  example  of  ttus  speciea,  from  vhich  tbe  fia^eat  lettered  A  and  B  was 
remoTed,  as  explained  elsewhere  in  the  text :  E,  outline,  much  reduced  in  size, 
drawn  from  a  cast  of  the  interior  of  Ktmtilut  pntpiliiu ;  /,  flnelj  impressed  line* 
left  b]P  the  shell -muaole,  t,  soturea  of  the  septa. 

e  IStmaUeiraM  proposed 

.)  in  Ueu  of 

e  preoccupied,  for  althoDgh  the  specicB 
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A  drawing  has  also  been  made  (Fig.  E),  much  redooed  in  sizap 
from  a  oast  of  the  interior  of  the  ahell  of  NantUm§  powtpQint,  in 
order  that  the  muscular  impressions  of  C.  earinifenu  might  be 
compared  with  those  of  existing  species. 

Fig.  D  represents  the  specimen  selected  for  illastration,  it  ii 
reduced  in  size  from  the  original  about  one-half.  The  portion 
marked  with  the  letters  p,  m,  was  removed  from  the  rest  of  tbe 
shell  in  order  that  the  muscular  impressions  might  be  drawn  at 
seen  in  Figs.  A  and  B,  which  are  of  the  actual  size. 

Fig.  C  is  taken  from  a  larger  (probably  adult)  specimen  of 
C  cariniferuB  {**  Sowerby  Collection/'  No.  43861),  and  shows  the 
marks  of  the  shell-muscle  on  one  of  the  angles  of  the  whorl  more 
distinctly  than  they  can  be  seen  on  the  smaller  one. 

We  will  now  describe  these  figures  more  in  detail  Figure  i 
represents  the  ventral  or  peripheral  side  of  the  base  of  the  body- 
chamber.  The  impressions  of  part  of  the  shell-musoles  are  seen  at 
m,  m,  while  p  indicates  their  rugose  and  pitted  surface,  and  proves 
how  strongly  they  were  attached  at  the  angles  of  the  whorls;  thii 
is  further  evidenced  by  the  deep  groove  gr,  in  Figure  C. 

Connecting  the  broader  portions  of  the  muscular  impressions  is  a 
narrow  band,  near  the  centre  of  which  there  is  a  little  shallow  pit 
(see  Figure  A),  which  undoubtedly  formed  part  of  the  muscalar 
system,  as  the  narrow  band  is  slightly  enlarged  at  this  point  to 
embrace  it.* 

Figure  B  is  tbe  under  side  of  A.  On  this  side  it  will  be  seen  that 
the  narrow  band  at  its  central  part  is  strongly  deflected  backwards, 
ill  a  similar  manner  to  that  of  the  annulus  of  the  recent  NautUnt 
{N.  pompUiuf),  so  well  figured  (pi.  xxxix.  fig.  4)  by  Dr.  W.  Waagen 
in  his  well-known  memoir  entitled  *'  Ueber  die  Ansatzstelle  der 
Haftmuskeln  beim  Nautilus  und  deu  Ammoniden."  * 

The  deflected  portion  bears  several  shallow,  more  or  less  elongated 
pits  (see  Figure  -B),  which  seem  to  indicate  a  rather  strong  attacb- 
ment  of  tlie  muscles  at  this  point,  though  not  so  strong  as  at  the 
angles  of  the  whorls,  where  the  muscular  impressions  are  broadest 

Figure  C  represents  the  base  of  the  body-chamber  of  a  larger 
specimen  than  that  from  which  A  and  B  were  drawn,  and  is  designed 
to  show  more  distinctly  the  pitted  and  rugose  surface  of  the  cast, 
proving,  as  already  remarked,  the  strong  attachment  of  the  muscles 
at  the  angles  of  the  whorl.  Part  of  the  test  {t)  has  been  removed 
in  order  to  expose  this  part  of  the  muscular  impression  more  com- 
pletely. 

On  examining  the  interior  of  the  body-chamber  of  the  shell  of  the 
recent  Nauiilm  (either  N.  pompilius  or  N,  umhilicatns)  two  somewhat 
inconspicuous  lines  (Fig.  JE,  m)  are  observed,  enclosing  a  space  which 
on  the  dorsal  and  ventral  sides  of  the  shell  forms  a  narrow  band, — the 
impression  of  the  annulus, — but  expands  at  each  side  into  an  irregularly 
oval  space, — the  impression  of  the  shell-muscle, — of  which  the  outer 
boundary  is  strongly  arched  forwards.     Corresponding  in  direction 

'  This  enlargeraeivt  is  not  \u^t«A«^  v\  \Xi%  T\^\^^ ^ \\.  ^wiiWi3CT^\swBe^, 
2  Palaiontograplnca,  bd.  x\\\.  \%1Q,^.  \%b,^\aJw»  x«xi..tX. 
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with  the  line  forming  the  outer  boundary,  and  covering  the  whole  of 
the  Bpace  between  this  and  the  last-formed  septum,  are  a  series  of 
Tery  fine  impressed  lines  (marked  I  in  Fig.  E),  These  lines  indicate 
successive  points  of  attachment  of  the  upper  edge  of  the  shell- 
muscle,  representing  a  gpradual  forward  movement,  little  by  little, 
of  the  animal  in  its  shell  during  growth.  It  should  be  observed  that 
the  line  constituting  the  lower  boundary  of  the  muscular  impression 
IB  only  seen  where  the  muscle  was  last  attached. 

That  the  organic  attachment  of  the  shell-muscles  of  the  recent 
Nautilus  to  the  shell  was  very  slight  (thus  contrasting  strongly 
with  Ccelofiautilus)  has  been  pointed  out  by  J.  D.  Macdonald^  and 
subsequent  writers.'  Macdonald's  description  is  so  important  and 
interesting  in  this  connection  that  we  quote  it  in  extenso : — 

"With  reference  to  the  action  of  the  great  lateral  muscles  of 
Nautilu8,  the  following  ideas  have  suggested  themselves  to  my  mind. 

*'As  though  preparatory  to  the  complete  separation  of  the  body 
of  the  Cephalopod  from  the  shell,  which  is  usually  present  in  the 
lower  genera,  the  fasciculi  composing  the  lateral  muscles  in  Nautilus 
do  not  perforate  the  mantle,  and  therefore  cannot  be  directly  fixed 
into  the  shell ;  they  are,  however,  connected  with  it  through  the 
medium  of  thin  filmy  layers  of  a  corneous  texture,  which  frequently 
remain  attached  to  the  shell  after  the  animal  has  been  removed. 
The  feeble  hold  of  those  muscles,  even  in  a  very  recent  state,  is 
thus  readily  accounted  for.  Indeed,  it  is  highly  probable  that  the 
fixity  of  the  body  of  Nautilus  during  the  inhalation  and  forcible 
ejection  of  the  respiratory  currents  is  effected  by  the  shell-muscles 
reacting  upon  one  another,  on  the  principle  of  a  spring  purchase, 
rather  than  by  simple  traction,  as  illustrated  by  the  withdrawal  of 
a  Gasteropod  within  its  retreat,  or  the  closure  of  a  conchifer  by  the 
adductor  muscles. 

"This  view,  which  is  supported  by  the  foregoing  facts,  has  its 
principal  basis  in  the  line  of  direction  of  the  shell-muscles,  and  the 
angle  at  which  they  meet  one  another,  at  the  root  of  the  funnel - 
lobe ;  for,  the  outer  extremity  of  each  being  fixed,  it  follows  that 
the  first  effect  of  the  contraction  of  the  muscular  fibres  would  be  to 
increase  the  angle  just  noticed  ;  and  this  cannot  possibly  be  accom- 
plished, according  to  the  recognized  laws  of  muscular  action,  with- 
out tending  to  throw  apart  the  points  of  origin,  or,  in  other  words, 
exerting  outward  pressure  against  the  internal  wall  of  the  shell, 
and  thus,  as  it  were,  jamming  the  occupant  tightly  in  its  celL" 

In  order  that  the  above  description  may  be  more  readily  compre- 
hended we  here  append  a  reduced  copy  of  the  figure  given  by  Sir 
Kichard  Owen  in  his  "Memoir  on  the  Pearly  Nautilus,"  1832, 
plate  3,  fig.  2. 

A  comparison  of  the  muscular  impressions  of  Ccelonautilus  with 
those  of  the  recent  Nautilus  points  to  the  conclusion  that  the  animal 

'  Proc.  Roy.  Soc.  1856-7,  vol.  viii.  p.  381. 

*  Prof.  Blake,  "  Brit  Foes.  Ceph."  pt.  L  p.  10 ;  «e«  %\wi  **  ^^\ft  ^tsl  '^^'^'skxS?^ 
NautiJiw,"  by  E.  A,  Smith,  F.Z.S..  in  "3o\im.  ol  CoTitV^\^ssn ''  ^"^^  ^^^..^'^^'Vn 
«Im>  *  Catalogue  Fomil  Cephalopoda,*  British  ^\tteuiii  V,^%X.  BM^K^^\^.^.V^'^'^^^*^*^ 

DMCADM  nZ,^TOL.  VI. ^KO.  XI.  ^"^ 
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must  in  the  former  have  heen  fixed  more  firmly  in  its  shell  than  in 
the  latter,  and  that  in  all  probability  the  shell-maacles  were  not 
limited  to  the  sides  of  the  animal,  as  in  the  recent  yautUns,  bat 
completely  encircled  it. 

Tlie  difference  between  the  shell-muscles  of  CoBlanauitlMS  and  thoie 
of  the  recent  Nautilus  strongly  supports  the  view  that  the  two  forms 
are  generically  distinct,  a  conclusion  already  arrived  at  from  tbe 
great  dissimilarity  in  the  form  of  their  shells  by  such  an  eminent 
authority  as  Prof.  Hyatt  The  subdivision  of  Nautilua  was,  in  fact, 
begim  long  ago  by  M*Coy*  and  continued  by  Meek,'  the  latter  of 
whom  expressed  his  decided  opinion  that  such  divisions  should  it 
least  rank  as  distinct  subgenera. 


Under  surface  of  the  head  of  Nautilus  pr,fnpiUu9,  with  the  mantle  divided  and  the 
funnel  turned  back  to  expose  its  caTitj  and  the  shell -muscles. 

a,  a.  Tlie  divided  portions  of  the  mantle :  b.  b.  Sheaths  of  the  tentacles  ;  e.  c.  The 
I'uimL'l ;  d.  Its  valve ;  e,  e.  Shell-muscles ;  /.  /.  Their  terminations  or 
surfaces  of  attachment ;  g.  The  transverse  fibres  connecting  them. 


VIT. — Foraminifera  from  the  London  Clay  of  Sheppky. 
By  Frederick  Chapman  and  C.  Davies  Shebbobn. 

IX  the  Proceeding's  of  the  Geologists*  Association  for  1878,' Mr.  W. 
H.  Shrubsole,  F.G.S.,  published  a  list  of  Foraminifera  obtained 
from  the  London  Clay  of  Sheppey.  The  following  list,  the  result  of 
an  examination  of  some  material  courteously  lent  to  us  by  Professor 
J.  W.  Judd,  F.R.S.,  adds  considerably  to  the  fauna  of  Sheppey  and 
includes  two  species  not  previously  recorded  from  the  London  Clay. 
Forty-one  forms  have  been  determined,  of  which  twenty-six*  are 
new  to  Sheppey,  thus  biinging  up  the  number  of  forms  i*ecorded 
from  that  locality  to  eighty -six.  The  geographical  distribution  of 
the  Foraminifera  of  the  London  Clay  was  fully  tabulated  in  1886,' 

^  S\*nop8i9  of  the  Garhoniferous  Limestone  Fossils  of  Ireland,  1844. 
2  United  Stat<»s  Geol.  Survey  of  the  Territories,  1876,  vol.  ix.  p.  490. 

*  Proc.  Geol.  Assoc,  vol.  v.  no.  7,  p.  3oo,  1878. 

*  A'umber8  4-9,  U,  V^\h,  V^-'l^/Ie>-"i^^*i^,'^»^-^\,^V 'tVfe^aaltMj^nded. 

*  8hHrbom  and  Chapman,  loMm.  ^.  "JilLvix^^^.  ^«t,  \^\xv,\^'^^.,^,^\ft\^ss«i. 

ihiil.  1889,  p.  483. 
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and  it  is  interesting  to  find  so  many  of  the  forms  there  figured 
and  recorded  for  the  first  time  from  the  London  area  common  to  both 
localities.  The  figure  following  the  specific  name  in  the  list  appended 
shows  the  relative  abundance  of  the  varieties  fonnd. 

The  two  forms  deserving  mention  as  new  to  the  London  Clay  are  : 
Plenrosiamelia  altemann,  8ch wager,  Novara  Reise,  1866,  p.  238, 
pL  vL  figs.  79  and  80;  H.  B.  Brady,  Rep.  '*  Challenger,"  1884, 
p.  412,  pi.  li.  figs.  22  and  23 ;  Pleurostomella  eoccBna,  Giimbel,  Abb. 
K.-bay.  Ak.  Wiss.  vol.  x.  1868,  p.  630,  pi.  i.  fig.  53.  A  single  small 
specimen,  slightly  broken  on  one  side,  but  preserving  all  the  charac- 
teristics of  the  gen  as. 

Lagena  desmophora,  Rymer  Jones.  L,  vulgaris,  var.  desmophora, 
Kymer  Jones,  Trans.  Linn.  Soc.  vol.  xxx.  1872,  p.  54,  pi.  xix. 
figs.  23,  24 ;  L.  desmophora,  H.  B.  Brady,  Rep.  "  Challenger,"  1884, 
p.  468,  pi.  Iviii.  figs.  42  and  43.  Characterized  by  prominent 
decorated  costaB,  the  intercostal  areas  being  occupied  by  one  or  more 
oostae,  less  prominent  and  nnomamented.  One  specimen  precisely 
corresponding  to  figure  42  in  Brady's  report  cited  above.  Four 
species  of  Ostracoda  were  found,  of  which  two  are  apparently  new. 

llie  following  is  a  list  of  the  Foraminifera : — 

1.  Miliolina  trigonula.  Lain.    sp.  6. 

2.  Ammoditcus  incertits,  d*Orb.  sp.  3. 

3.  Teztularia  agglulinaniy  d'Orb.  13. 

4.  Bigenerina  capreoluif  d*Orb.  sp.  14. 
6.  Gaudryina  pupoidei,  d'Orb.  10. 

6.  Ciavulina  community  d'Orb.  7. 

7.  pnritiinsiSf  d'Orb.  2. 


8.  BuUmina  affinity  d'Orb.  2. 

9.  Plrurottonuila  altemanty  Schw.  1. 

10.  Lagena  globota,  Mont.  sp.  1. 

11.  detmophora,  Ry.  Jones,  1. 

12.  marginaUiy  Walk.  &  Boys,  1. 

13.  Nodotaria  radieulay  Linn.  sp.  3. 

14.  humiltMy  Roeni.  9. 

16.  longiteatOy  d'Orb.  16. 

16.  tolmia,  Renss,  4. 

17.  — ^  raphnnuty  Linn.  sp.  1. 

18.  badenmtity  d'Orb.  2. 

19.  poljfgonay  Reuss,  6. 

20.  Dtntalina  eommtmifiy  d'Orb.  5. 

21.  eontobrina,  d'Orb.  12. 

22.  tpinulota^  Mont.  sp.  10. 


23.  Dentalma  ariculay  Lam.  sp.  2. 

24.  Marginulina  Wetherelliiy  Jones,  27. 
2d.  Crittellaria  italieay  Defr.  sp.  1. 

26.  — — — v.it/>i«M/o*a,Sherb  &Chap.l. 

27.  cuUrata,  Montf.  sp.  18. 

28.  Folyminrphina  gtbbay  d^Orh,  1. 

29.  gutta,  d'Orb.  1. 

30.  Urigerina  atperulay  Cziz.  6. 

31.  Oiobigerina  buUoidet,  d'Orb.  4. 

32.  Orbulina  wnversny  d'Orb.  1. 

33.  Ptdlenia  quinquelobuy  Renss,  3. 

34.  Ditcorbina  rotaeeay  d'Orb.  sp.  1. 

35.  Fianorbulina ammonoidety  Renss,  sp.  I 

36.  eomplanatay  Renss,  sp.  6. 

37.  AnovMlinagrotttrngota^  Giimb.  sp.  4. 

38.  Fulvinulina  repanda,  Ficbt.  &  Moll, 
sp.  2. 

39.  var.  eoneameratay'^'iVL.  3. 

40.  Kartteniy  Renss.  1 . 

41.  puHCtatulay  d'Orb.  sp.  17. 

42.  —  ttriatO'punetatayYichi.  k  Moll, 
sp.  1. 


VIIL — On  the  Occurrenck  or  the  Devonian  Ganoid  Osychodus 

IN  Spitzbergen.^ 
By  A.  Smith  Woodward,  F.O.S.,  F.Z.S. 

DURING  a  visit  to  Stockholm  last  spring,  Prof.  Gustav  Lindstrom 
kindly  permitted  the  writer  to  examine  the  series  of  remains 
of  Paleeozoio  fishes  obtained  from  the  Devonian  of  Spitzbergen  by 
Dr.  A.  G.  Nathorst,  during  the  Swedish  Geological  Expedition  in 
1882.  Some  of  the  more  prominent  specimens  have  already  been 
briefly   noticed,   with   figures,   by  Prof.   Ray  Lankester  ;*  but  tba 

>  Read  heiore  Section  C  (Geology),  Brit«h  AMoc\aV\oTi,^^^<iw»'Cv^>^^'^^-   ^ 

'  H'  Mur  Unkeater,  '•  Report  on  Fragments  oi  ¥ow\\  VVb\v«A  Vi^m^'^  ^"^"^"^^^ 

8^ta  of  Spitxber^eD,"  KongL  Srenika  Yetensk.-A^sA.B.wi^M^^'^-  '^^  vy^W\^^^ 

9,  pp,  i-tf,  pU.  i-ir. 
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collection  is  worthy  of  a  more  detailed  oomparatiye  study  tbin  tbat 
to  which  it  has  hitherto  been  subjected,  and  among  the  aadescribed 
specimens  most  readily  identified  is  a  small  fossil  indistinguisbable 
from  the  so-called  " intermandibular  arch"  or  " presymphjHial 
bone"  of  Onychodus.^  Through  the  kindness  of  Prof.  Lindatroin, 
this  specimen  has  been  forwarded  to  the  British  Maseum  for 
examination,  and  it  forms  the  subject  of  the  following  remarks. 

Four  fractured  teeth  are  exhibited,  attached  in  close  series  to 
a  narrow  arched  base,  and  the  fossil  is  firmly  imbedded  in  a  hard 
matrix.  It  is  evidently  imperfect,  but  the  base  preserved  is  0*uOo 
in  length,  and  the  uppermost  and  longest  tooth  has  a  nearly  similir 
measurement.  This  tooth  is  slender,  tapering,  and  gently  enrred, 
without  any  sigmoidal  twist ;  and  both  it  and  the  more  imperfect 
teeth  below  are  characterized  by  the  relatively  enormous  size  of  the 
internal  cavity. 

In  its  small  dimensions  the  presymphysial  dentition  from  Spits- 
bergen most  nearly  approaches  that  of  Onychodus  anglicus*  from  the 
Lower  Old  Red  Sandstone  Passage  Beds  of  Ledbury,  Herefordshire; 
but  it  is  distinguished  by  the  more  uniformly  tapering  character  of 
the  teeth,  and  the  relatively  larger  size  of  the  pulp-cavities.  In 
the  latter  feature  it  seems  to  be  more  nearly  paralleled  by  the  much 
larger,  typical  species  from  the  Devonian  of  the  United  States ;  but 
all  descril)ed  forms  differ  from  the  new  fossil  in  the  larger  size  of 
the  teeth  in  proportion  to  their  base  of  attachment.  The  Spitzbergen 
species,  thus  im(>erfectly  indicated,  may  therefore  be  regarded  as 
hitherto  unknown,  and,  in  reference  to  its  interest  from  a  distii* 
butional  point  of  view,  may  be  named  Onychodus  arcticus. 


The  Oeoloot  of  Devon,  Facts  and  Infbrenoes,  fboh  the 
Presidential  Address  to  the  Devonshire  Association.  By 
W.  H.  HuDLESTON,  Esq.,  F.R.S.,  Sec.G.S.,  etc.     August,  1889. 

WE  can  have  little  doubt  that  this  South-western  part  of 
England  had  the  honour  of  leading  off  the  Geological 
Surveys  of  the  world  because  of  its  great  metallic  wealth,  and 
because  of  the  interesting  and  complicated  phenomena  associated 
therewith.  But  it  must  not  be  supposed  that  the  early  Surveyors 
settled  every  question  fifty  years  ago,  especially  when  we  bear 
in  mind  the  varied  nature  of  the  region,  the  obscurity  of  many  of 
tlio  problems,  and  the  comparative  novelty  of  the  task.  Devonshire 
especially  has  been  the  theatre  of  many  a  geological  battle  since 
then,  nor  can  we  aver  that  the  temple  of  Janus  is  at  present  closed. 
It  is  twenty-one  years  ago,  I  believe,  since  a  President  of  the  Devon- 
shire Association  dealt  with  any  of  these  topics  from  the  chair.  Mr. 
Pengelly,  in  the  year  1868,  after  giving  an  admirable  summary  of 

*  J.   S.  Newberry,  Geol.  Survey  of  Ohio,  vol.  i.  pt.  ii.  (Paleontology),  pp. 
296-302,  ptB.  xxvi.  kx\u. 

-  Smith  Woodward,  "  ^SoVe  ot^  \\wi  Citoaxt^xvt^  ^V  ^^^w^sv^  ^V  Qfn>|tV«^»u^s>.^ 
Passage  Beds  of  Ledbiiry,"  ViiLoi..  ^a.q.  Yiwi-IW^^VN  .  V^S««\^^.  Wi. 
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the  progress  of  geology  in  Devonshire  up  to  that  date,  propounded 
nine  questions  for  special  consideration  in  the  future.  These  I 
venture  to  reoall  to  your  memory — 

1.  The  age  of  the  crystalline  schists  of  the  Bolt 

2.  The  precise  chronology  of  our  Limestones  and  associated  rocks. 

3.  Is  there  east  of  Exmouth  a  hreak  in  the  Red  rocks  ? 

4.  Whence  come  the  Budleigh  Salterton  pebbles? 

5.  Whence   also  the  porphyritic  trap  nodules  so  abundant  in 

the  Trias  ? 

6.  Are  our  Greensands  really  of  the  age  of  the  Gkult  ? 

7.  Whence  the  flints  so  numerous  in  our  existing  beaches  ? 

8.  What  is  the  history  of  our  superficial  gravels,  and  are  there 

any  indications  of  glaciation  in  Devonshire  ? 

9.  To  what  race  did  the  Cave-men  belong  ? 

During  the  interval  of  over  twenty  years  most  of  these  questions 
have  been  discussed,  often  by  Mr.  Pengelly  himself,  and  the  records 
are  to  be  found  in  the  volumes  of  your  Transaciions,  Confining  any 
remarks  I  may  have  to  make  on  the  present  occasion  to  points 
bearing  on  the  physical  history  of  the  county,  I  would  say  that  these 
questions  may  be  grouped  under  five  heads  —  (1.)  Recent  and 
Pleistocene  geology ;  (2.)  The  extent  and  nature  of  the  Cretaceous 
rocks ;  (3.)  The  New  Red  question  ;  (4.)  The  Old  Red  question  ; 
and  lastly  (5.)  The  age  of  the  crystalline  schists,  to  which  may  be 
appended  any  necessary  remarks  on  petrol ogical  questions. 

Regent  and  Pleistocene  Geology. 

The  recent  geology  of  the  county  is  famous,  as  all  the  world 
knows,  for  the  occurrence  of  raised  beaches,  submerged  forests,  and 
bone  caves.  On  these  I  scarcely  venture  to  touch,  the  cave-question 
especially  verging  on  the  confines  of  archceology.  If  the  caverns  at 
Oreston  were  first  made  the  subject  of  scientific  enquiry,  those 
of  Kent's  Hole  and  Brixham  have  yielded  results  of  surpassing 
interest.  Gbing  a  step  further  back  in  time,  there  are  few  problems 
more  obscure  than  the  history  of  the  plateaux  gravels  of  the  southern 
counties  :  these  consist  largely  of  flint  Mr.  Parfitt,  speaking  of  the 
drift  gravels  towards  Dawlish,  has  expressed  his  opinion  that  the 
agents  producing  these  were  ice  and  water.  To  this  we  can  scarcely 
demur,  but  it  was  hardly  necessary  to  have  included  Devonshire 
in  the  ice-sheet  The  indications  of  glaciation  in  this  county  are 
matters  of  inference  rather  than  self-assertion,  and  observers,  like 
Mr.  Somervail,  accustomed  to  the  marked  features  of  a  thoroughly 
glaciated  country,  are  slow  at  finding  any  evidence  of  it  here.  Still 
it  must  be  obvious  to  all  who  reflect  upon  the  subject  that  the  cold 
which  has  left  such  enduring  evidences  of  its  intensity  in  areas 
so  near,  for  instance,  as  Caernarvonshire,  must  have  affected  the 
Devonshire  climate  to  a  considerable  extent  The  absence  of  true 
Boulder-clay  should  reconcile  the  Devonian  to  the  fact  that  his 
country  is  destitute  of  cowslips,  which  are  very  partial  to  the 
Bonlder-oiaj  soUb  of  the  North  of  England,  wvd  w^  \«t  Vcwxjk.  «r»x^:a 
in  the  beavilf-bouldered  regions  of  Eaat  A.ug)\a.    \X.S&  Vitv^»  >^^\.^^ 
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Swedish  botanist  Nathorst,  speaking  of  the  peculiar  miztun  of 
clay  and  stones  known  as  the  " '  Head '  of  Bovey  Tracey,"  oalleii 
it  Boulder-olay ;  and  Mr.  Pengelly  likewise  mentioned  lately  thit 
another  Scandinavian  authority,  Dr.  Torell,  when  in  company  with 
Mr.  Ormerod  as  long  ago  as  1868,  professed  to  have  detected  three 
moraines  on  Dartmoor  in  the  neighbourhood  of  Chagford.  That 
these  were  the  results  of  an  ice-cap,  as  that  term  is  generally  under- 
stood, I  do  not  regnrd  as  probable ;  but  bearing  in  mind  the  recorded 
facts,  and  also  the  frequency  of  such  features  as  "  terminal  cuirature," 
we  may  well  believe  with  Mr.  Worth  in  the  existence  of  something 
like  a  local  snow-cap  on  the  higher  grounds.  The  peculiar  natoie 
of  the  cave-breccia,  and  the  Arctic  character  of  some  of  the  cave- 
animals,  also  point  in  the  direction  of  a  colder  climate.  Not  that 
this  evidence  is  really  required,  except  as  a  matter  of  corroboration. 
We  may  believe,  then,  in  a  glaciation  so  modified  that  its  results 
require  close  search  before  they  can  be  appreciated. 

The  Extent  and  Nature  of  the  Crbtaoxous  Bocks. 

Tliere  are  few  problems  in  the  physical  history  of  the  South-west 
of  more  interest  than  this.  Speaking  of  the  geology  of  the  neigh- 
bourhood of  Dawlish,  Mr.  Ussher  says  there  can  be  little  doubt  that 
the  Cretaceous  highlands  of  Devon,  such  as  the  Haldons,  are  portions 
of  a  great  plain  of  marine  denudation,  and  he  speaks  of  a  time  when 
tliat  Cretaceous  tableland  abutted  on  the  flanks  of  Dartmoor.  He 
also  refers  to  the  presence  of  flints  in  the  old  and  more  modem 
gravels  as  evidence  of  the  extension  of  Chalk  debris.  It  is  interest- 
ing to  know  that  abundant  fossil  evidence  of  the  former  existence  of 
Middle  Chalk  (the  Upper  Chalk  of  some  writers)  is  found  in  the 
chert  and  flint  beds  which  form  the  capping  of  Little  Haldon ;  the 
Echinodermata  are  especially  characteristic.  Mr.  Ogilvie  Evans  has 
called  attention  to  this  fact 

As  regards  the  former  extension  of  the  Chalk,  I  see  no  reason  to 
doubt  tliat  the  western  part  of  what  is  now  the  Channel  and  the 
greater  portion  of  Devonshire  and  Cornwall  were  submerged  beneath 
the  Chalk  Sea.  It  seems  to  me  that  in  no  other  way  can  you 
account  for  the  quantity  of  flints  on  the  western  beaches  and  in  the 
bottom  of  the  Channel.  But,  irrespective  of  this  corroborative 
evidence,  one  would  expect  the  Chalk  Sea  to  have  extended  in  this 
direction.  Then  comes  the  question.  Was  there  any  western  limit 
to  the  Chalk  Sea,  or  did  its  waters  mingle  freely  with  the  Atlantic 
Ocean  during  the  period  of  extreme  depression?  At  the  epoch  when 
the  Upper  Greensand,  or  basal  sediment  of  the  Chalk,  was  being 
laid  down,  Mr.  Jukes-Browne,  in  his  ''Building of  the  British  Isles," 
represents  the  extreme  western  shore-line,  plotted  on  the  existing 
map  of  Devon  as  passing  from  the  Ermemouth  towards  the  Haldons; 
I.e.  roughly  parallel  to  the  E.S.E.  flank  of  Dartmoor.  Now  the 
distance  from  the  Ermemouth  to  the  present  edg^  of  the  deep 
Atlantic  basin  is  abowt  two  hutvdred  miles,  and  that  two  hundred 
miles  would  repreaent  \\ie>  vi\^>^i  ol  \N[\^  \«cv^  >nV\^  \\i\K!c^v\v!A 
between  the  Upper  Qieenftau^  "^s^  ^viii  \Jsi^  KiXwiVx^  ^^»»5^  ^"^ 
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particular  period  indicated  in  the  hypothetical  map  to  which  I  have 
referred.  It  is  a  question  for  separate  consideration  whether  that 
intervening  space  of  land  was  wholly  or  only  partially  submerged 
at  a  later  epoch  during  the  period  of  extreme  depression.  For  our 
purpose  it  will  be  sufficient  to  have  carried  the  western  margin 
of  the  Chalk  Sea  beyond  the  limits  of  the  Cornish  peninsula  during 
the  period  of  lowest  depression,  and  this  I  think  we  may  fairly 
claim.  I  ought  to  observe  that  it  is  not  assumed  that  the  English 
Channel  had  any  existence  at  that  time.  Mr.  Jukes-Browne  regards 
the  Channel  as  a  very  modern  feature  in  physical  geography,  but  the 
existence  or  non-existence  of  the  Channel  as  a  mere  excavation  will 
hardly  affect  the  question  of  the  westward  boundary-line  of  the 
Chalk  Sea. 

One  more  question  of  Mr.  Pengelly  with  reference  to  Cretaceous 
geology  remains,  viz.  the  age  of  the  Devonshire  Greensand.  It 
was  Fitton,  and  after  him  Meyer,  who  maintained  that  the  Black- 
down  Beds  were  of  Lower  Ci*etaceous  age,  although  before  their 
time  De  la  Beche  had  classified  them  as  Upper  Greensand,  whilst 
God  win- Austen  described  them  as  possibly  a  sandy  condition  of 
the  Gault.  The  littoral  facies  and  abundance  of  Trigoni<By  having 
considerable  resemblance  to  Lower  Greensand  species,  led  Mr. 
MeXer  astray.  Dr.  Barrois  and  other  authors  entered  the  lists, 
and  when  Mr.  Downes  read  his  excellent  paper  before  the  Geological 
Society  in  1881,  the  balance  of  opinion  tended  to  the  view  that  the 
Gault,  or  most  of  it,  is  represented  in  the  Blackdown  Beds,  and  that 
seemed  also  to  have  been  Mr.  Downes*  opinion.  If  the  Ammonites 
in  that  gentleman's  collection  have  been  correctly  determined,  there 
would  seem  to  be  a  mixture  of  Lower-Gault  with  Upper-Gault 
forms ;  but  as  the  Upper-Gault  of  the  East  of  England  is  represented 
to  a  considerable  extent  in  the  West  by  the  Upper  Greensand,  it 
follows  that,  if  we  allow  most  of  the  Gault  to  be  represented  in  the 
Blackdown  Beds,  such  a  determination  carries  the  Upper  Greensand 
with  it,  so  that  both  De  la  Beche  and  Godwin-Austen  were  right. 

There  is  not  a  trace  of  Lower  Greensand,  and  when  we  bear  in 
mind  that  the  Lower  Greensand  has  already  disappeared  to  the 
eastward,  its  revival  at  Blackdown  would  be  an  anomaly.  But  a 
further  argument  in  this  direction,  which  Mr.  Downes,  aided  by  Mr. 
Yicary,  was  the  first  to  indicate,  is  derived  from  the  fact  that  the 
nine  lowest  horizons  indentified  at  Blackdown  are  missing  at 
Haldon.  This  proves  conclusively  that  the  basal  rocks  of  the  Upper 
Cretaceous  ever  occupy  a  higher  horizon  as  we  proceed  westwards, 
and,  as  we  have  already  seen,  this  has  an  important  bearing  on  the 
question  of  the  final  westward  limit  of  the  Chalk  Sea.  It  is  quite 
possible  also  that  the  missing  beds  of  Cbalk  were  more  siliceous 
than  their  equivalents  further  eastward ly,  and  this  would  still 
further  help  to  account  for  the  flints  so  numerous  in  the  Channel 
and  adjacent  shores. 

There  are  two  points  in  connection  with  Blackdown  whicli  mi^ht 

he  mentioned :  let,  Mr.  Downes  read  a  papw  )o^^ox^  \Xi^  Qi^iKJva'^^5»^^ 
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Yenn,  with  some  supplementaTy  remarka  on  the  Blaokdown  Beds." 
There  he  appeared  to  arrive  at  the  conolusion  that  the  IifMh 
parallela-hedi  of  Black  Venn  is  lower  than  the  lowest  of  the 
Blackdown  Beds,  for  it  thins  out  before  reaohing  Sidmonth*  He 
again  notices  the  general  thinning  out  westwards.  These  latter 
Cijnclusioiis  are  somewhat  at  variance  with  his  previooa  ideas  thtt 
the  Blackdown  Beds  represent  the  whole  of  the  Oaalt,  and  he  finallj 
inclined  to  the  opinion  that  the  Blackdown  Beds  were  Upper  Green- 
sand  rather  than  Qault  I  have  before  pointed  out  that  the  Upper 
Greensand  partly  represents  the  Upper  Gault  of  the  south-east  of 
England,  and  this  interpretation  will  help  to  explain  the  apparent 
contradiction. 

2nd.  The  mode  in  which  the  clumps  of  Turritella  and  PeeimuMitM 
occur  in  the  Blackdown  Beds  reminds  me  of  the  similar  way  in 
which  their  modem  representatives  occur  in  the  English  Channel 
Not  far  from  Hope*s  Nose  is  a  muddy  bed  full  of  Turritella^  showing 
how  the  shell  is  apt  to  accumulate  from  some  cause  or  other  in  one 
or  two  particular  spots,  and  throughout  the  Channel  it  is  by  no 
means  uncommon  to  come  across  Fectunadus  in  great  numbers  at 
particular  spots. 

New-Red  Beds. 

The  New-Bed  question  next  demands  our  attention,  since  the 
Jurassic  rocks  of  Devonshire  are  limited  to  a  very  narrow  strip  of 
Lias  in  one  corner  of  the  county.  The  phenomena  in  connection 
with  the  New-Red  beds  are  of  great  interest  in  spite  of  their  poverty 
in  organic  remains.  We  are  as  much  interested  in  the  composition 
of  these  beds  as  in  ascertaining  their  precise  chronological  value. 
Thus  two  of  Mr.  Pengelly's  questions  relate  to  the  composition  of 
Tr lassie  pebble-beds.  It  would  certainly  appear  from  Mr.  Davidson  8 
determination  of  the  Brachiopoda  that  a  considerable  portion  of  the 
Budleigh-Salterton  pebbles  were  of  Devonian  origin  or  aspect, 
although  there  are  a  sufficient  number  of  admitted  or  possible 
Silurian  species.  Thus  Salter's  original  proposition  that  they  are 
Normandy  types  of  the  May-Hill  Sandstone  may  in  part  be  correct, 
the  fossils  being  characteristic  of  beds  on  both  sides  of  the  Channel 
The  rocks  from  which  such  pebbles  were  derived  are  certain  to  be 
no  longer  in  existence ;  the  pebbles  themselves  are  mere  survivals 
of  an  ancient  denudation,  just  as  is  the  case  with  the  flint  pebbles 
whose  origin  we  have  lately  been  considering.  It  is  not  difficult  to 
believe  that  both  Silurian  and  Devonian  beds  were  largely  developed 
in  portions  of  what  is  now  the  Channel  area.  Indeed  the  form  of 
the  present  peninsula  of  Normandy  clearly  points  in  that  direction, 
whilst  projections  of  Palaeozoic  rock  from  what  is  now  the  Devon- 
Cornwall  peninsula  may  likewise  have  contributed  their  share. 
Hence  an  extension  of  the  Gorran  Haven  beds,  or  of  La  Manche, 
points  almost  equidistant,  may  have  been  amongst  the  missing  rocks 
from  whose  hardest  parts  some  of  these  pebbles  were  long  ago  torn. 
There  is  no  evidence,  so  fat  a«  1  a\u  avrare,  that  the  English  Channel, 
in  anything  like  its  pTesetv^.  ioTxv\,  \\^^  wv^  «i\%\fe\v^»  Sea. '^^skksirpa 
times,  and  we  may  weVl  \>ft\\^N^  V>da^  V\\)MsviX.  ^v^^  ^  ^^x  ^>fex. 
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Jakes-Browne,  who  represents  the  English  Channel  as  merely  a 
feature  of  Pleistocene  geography.  Doubtless  the  origin  of  the 
English  Channel  is  a  problem  well  worthy  the  attention  of  Devon- 
shire geologists,  but  at  present  we  are  considering  the  composition 
of  Triassio  pebble-beds,  and  must  not,  therefore,  allow  ourselves  to 
be  led  off  on  a  false  scent. 

Mr.  Pengelly's  other  question,  as  to  the  origin  of  the  porphyritic 
trap  nodules,  is  one  which  embraces  a  far  wider  scope ;  for  along 
with  it  must  be  considered  the  subject  of  igneous  fragments  in  the 
New-Red  generally.  One  would  be  disposed  to  say  that  most  of 
them  were  derived  from  the  felspathic  traps,  so  many  of  which 
make  their  appearance  at  the  junction  of  the  Carboniferous  and 
New-Red.  This  peculiarity  of  position  Mr.  Yicary  was  disposed  to 
attribute  to  the  circumstance  that  these  traps  have  served  to  arrest 
denudation  in  the  Trias.  It  is  said  that  none  are  to  be  seen  in  the 
coast  section.  Mr.  Yicary  regarded  the  earliest  eruptions  of  this 
olass  of  rock  as  having  taken  place  between  the  close  of  the 
Carboniferous  and  the  commencement  of  the  Triassic,  whilst  the 
latest  outbursts  were  of  Triassic  age.  Mr.  Downes  also,  whilst 
endeavouring  to  account  for  the  presence  of  some  Upper  Devonian 
fossils  in  the  Trias  near  Tiverton,  has  expressed  his  opinion  that  the 
hypothesis  of  an  active  volcano  upon  the  coast  of  the  early  Tritissic 
sea  best  meets  the  requirements  of  the  case.  Mr.  Somervail  likewise 
has  expressed  his  views  on  the  probable  volcanic  origin  of  the 
breccias  at  the  base  of  the  Trias  in  South  Devon,  and  as  to  the 
conditions  prevailing  during  their  accumulation. 

It  cannot  be  doubted  that  a  careful  and  unprejudiced  study  of  the 
igneous  rocks  in  the  Devonshire  Trias  will  help  to  throw  much  light 
on  an  important  stage  in  the  physical  history  of  the  area.  But  in 
undertaking  such  an  investigation  due  allowance  must  be  made  for 
the  changes  which  the  fragments  have  themselves  undergone  in 
a  highly  permeable  formation.  If  lumps  of  hard  limestone,  under 
the  influence  of  siliceous  infiltration,  have  been  converted  into  that 
peculiar  form  of  orbicular  silica  known  as  "  Beekite,"  we  need  not 
be  surprised  at  felspars,  derived  originally  from  Dartmoor,  having 
been  converted  into  Murchisonite,  which  chemically  differs  from 
orthoclase  mainly  in  containing  somewhat  more  alumina. 

And  thus  it  came  to  pass  that  pieces  of  Dartmoor  granite  were 
unrecognizable,  whilst  a  generation  of  geologists,  following  De  la 
Beche  and  Qod win- Austen,  were  disposed  to  believe  that  during  the 
New-Red  epoch,  the  granite  of  Dartmoor  had  not  as  yet  readied  the 
surface.  Lately,  speculation  has  taken  quite  a  different  turn.  Mr. 
Worth  is  disposed  to  think  that  the  granite  of  Dartmoor  passed 
upwards  into  felsitic  and  volcanic  rocks,  remnants  of  which,  he 
says,  are  to  be  found  in  the  Triassio  conglomerates  of  the  county, 
[geologists,  therefore,  having  started  with  the  belief  that  the  Dartmoor 
^nite  was  covered  up  by  sedimentaries  in  Triassic  and  pre-Triassic 
times,  are  now  presented  with  a  picture  of  a  pre-Triassic  volcano 
towering  into  the  skies.  It  is  also  inlimaled  \)ck»\.  w\^^«v\«^  «cl\ 
peoimeBB  of  volcanic  grit  such  as  ariae  iTom.  \Xv^  ^etvxsAa^Asya.  ^V 
ficaaio  conea  have  been  found  in  mncli  more  xeofeXiV.  ^e^Q«\X^» 
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Confining  our  attention  for  the  present  to  the  New-Red  rocks,  one 
would  suppose  that  if  the  above  speculations  have  a  good  foundation, 
the  evidences  of  volcanic  rocks  derived  from  the  disintegration  of  the 
old  Dartmoor  volcano  ought  to  have  been  much  more  abundant  in 
the  Triassic  conglomerates  than  they  have  hitherto  seemed  to  be. 
But  the  further  investigation  of  this  matter  must  be  deferred  until 
we  have  considered  the  chronology  of  the  New-Red  beds. 

We  now  perceive  the  import  of  the  question  put  by  onr  pro- 
pounder  of  riddles,  "Is  there  east  of  Exraouth  a  break  in  the  'red 
rocks '  ?  "  So  recently  as  1881  Mr.  Pengelly  wrote  :  "  I  incline  to 
the  opinion  that  our  Red  Rocks,  taken  as  a  whole,  belong  to  the 
Eeuper;  or,  if  not,  that  all  three  sub-systems  of  the  Trias  are 
represented  in  Devon."  Of  course,  when  Mr.  Pengelly  thns  infers 
the  existence  of  the  middle  member  of  the  Trial,  he  can  only  mean 
that  the  Muschelkalk  is  represented  in  time. 

Mr.  Ussher,  four  years  previously,  had  given  in  the  Transactions 
of  the  Association  the  results  of  his  experience  in  the  classification 
of  the  Triassic  rocks.     His  view  was  that  whilst  in  the  Midlands 
there  is  complete  unconformity  between   the  Bunter  and  Eeuper, 
in  Devonshire  the  Triassic  l>ecls  present  a  conformable  series.    He 
also  showed  that  the  beds  cut  out  at  Straight  Point  and  Exmoutb,  in 
the  soutb-eoast  section,  are  visible  in  the  inland  districts,  thus  practi- 
cally answering  Mr.  Pengelly's  question  in  the  negative.     The  once 
prevalent  notion,  therefore,  that  the  whole  of  the  Devonshire  Trias 
is  of  Keuper  age,  a  notion  which  seemed  to  have  the  support  of  high 
authority,  must  be  abandoned.     A  series  of  marls  and  sandstones, 
called  by  Mr.  Ussher  "  Middle  Trias."  he  thought  might  roughly 
represent   the   Muschelkalk   in   time,   whilst   his    "Lower  Trias," 
consisting  of  sandstones  and  breccias  with   igneous  fragments,  S(> 
well  developed  between  Dawlish  and  Watcombe,  is  mainly  of  Bunter 
age.     llie  older  beds  would  presumably  occur  to  the  westward,  but 
there  does  not  seem  at  this  time  to  have  been  a  suspicion  of  Permian 
on  the  i)art  either  of  Mr.  Ussher  or  Mr.  Pengelly.     Mr.  Ormerod, 
in  his  notes  on  the  deep  borings  in  the  Trias  at  Teignraouth,  also 
describes   the   beds  between   the   Exe   and   the   neighbourhood  of 
Torquay  as  belonging  to  the  Bunter. 

In  a  communication  to  the  Geological  Society  Mr.  Ussher  speaks 
of  the  lowermost  beds  of  the  south-coast  Trias  as  far  exceeding  their 
more  northerly  equivalents  in  thickness,  and  as  affording  a  strong 
probability  that  a  reconstruction  of  the  English  Channel  valley 
would  exhibit  a  still  greater  development  of  beds,  dating  as  far 
back  perhaps  as  late  Permian  times.  It  is  thus  evident  that  Mr. 
Ussher  considers  that  a  large  extent  of  New-Red  rock  has  been 
destroyed  in  the  formation  of  the  English  Channel,  and  possihly 
portions  may  yet  be  proved  in  the  bed  of  the  Channel  itself.  Mr. 
Worth,  as  you  know,  considers  that  he  has  evidence  of  the  existence 
of  Triassic  rocks  in  situ  fifty  miles  to  the  south-west  of  the  Triassic 
outlier  at  Cawsand,  in  PY^'mo\\\\\  §)Owxvd,  bMt  it  is  rather  a  peculiar 
feature  in  this  case,  t\iat  tW  aw^^o^^  «v3>a\Cka.Tvi«k  'X^cnsa  x^RKc^j^vk 
the  Keuperian  or  eaatetu  ^atx^V^  ol  >,V^\^^N^xi^vw.^fti^^^waM.  ^^ 
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•Irving,  who  has  paid  some  attention  to  these  questions,  differs  from 
Mr.  Ussher,  and  still  more  from  Mr.  Pengellj,  in  the  belief  that  the 
breocia  series  is  of  Permian  age.  He  regards  it,  in  faot,  as  the 
Tesult  of  terrestrial  and  littoral  deposits  on  the  flanks  and  on  the  shore- 
line of  the  old  mountain  region  of  which  the  Devon-Cornwall 
peninsula  is  one  of  the  remnants,  the  high  inclination  of  the  dip 
being  in  favour  of  its  being  mainly  composed  of  mountain  detritus. 

It  would  be  difficult  indeed  to  assign  any  other  origin  to  the 
wonderful  group  of  beds  which  constitute  the  sea-cliff  between 
Teignmouth  and  Dawlish.  The  only  matter  in  dispute  is  the  precise 
ohronology  of  these  beds.  Shall  we  say  with  Mr.  Pengelly  that 
they  are  of  Eeuper  age  ?  or  with  Mr.  (Jssher  and  Mr.  Ormerod, 
that  they  are  of  Bunter  age  ?  or  shall  we  agree  with  Mr.  Irving  that 
they  are  of  Permian  age?  In  the  absence  of  marine  mollusoa 
the  precise  age  of  any  series  of  beds  is  difficult  to  determine;  all 
that  we  can  affirm  with  absolute  certainty  is  that  they  belong  to  the 
Permio-Triassic  interval,  and  that  in  this  country  such  beds  are 
more  usually  Permian  than  Triassia  The  breooiated  beds  of  the 
Leicestershire  Permians,  for  instance,  have  been  recently  shown  to 
be  composed  of  the  re-arranged  talus  of  the  harder  portions  of  the 
Paladozoio  rocks  surrounding  that  part  of  the  old  Permian  lake. 

The  Post-Cabbonifebous  Intebval. 

Leaving  the  question  of  the  actual  chronology  of  the  Dawlish 
beds  as  almost  hopeless  in  our  present  state  of  knowledge,  we  must 
be  content  to  bear  in  mind  the  main  facts  of  the  case,  viz.  that 
towards  the  close  of  the  Carboniferous  period  one  of  those  great 
shifts  in  the  earth's  crust  occurred,  of  which  there  have  been  three 
or  four  during  geological  time.  Roughly  speaking  the  Palseozoio 
epoch  terminated  with  this  great  movement,  whose  flexing  action 
has,  in  the  main,  governed  the  axes  of  the  series  of  synclinals  and 
anticlinals  existing  between  the  Bristol  and  English  Channels,  with 
an  extension  towards  the  south  so  as  to  include  the  peninsula  of 
Brittany.  The  principal  of  these  earth-throes  occurred  during  the 
unrepresented  period  of  time  which  intervened  between  the  Coal- 
measures,  as  usually  developed,  and  the  Permian ;  and  though  there 
are  evidences  of  subsequent  oscillation  in  our  district  to  a  moderate 
extent,  no  instances  of  folding  and  contortion  occur  in  the  beds 
deposited  afterwards.  Then  it  was  that  the  building  of  the  British 
Isles  commenced  in  earnest,  and  that  the  first  rude  sculpturings  of 
the  future  Devonshire  were  made.  Some  of  these  points  we  shall 
have  to  consider  again  in  reference  to  the  general  structure  of  the 
county. 

The  Gabbonifebous. 

Before  proceeding  to  answer  the  remainder  of  Mr.  Pengelly's 
questions,  a  few  words  may  be  devoted  to  a  formation  which  in 
Devonshire  is  both  extensive  and  disappointing.     No  attem\^t  wiU 
he  made   to  correlate  any  portions  o£  l\iQ«^  \i^%  'w^  'Ockskt  ^-tar 
mmed  eqaivalenta   on   the  Welsh  Bide.       Wi  \»e  CiasJ^.  ^jwj  \&>  ^^^s^a^ 
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the  Old-Bed  of  the  Welsh  border  does  not  difTer  from  the 
De voniATi  of  Devonshire  more  than  does  the  Carboniferoas  of  Wtlei 
from  beds  of  the  same  system  in  this  oounty.  The  Calm-messoret 
are  something  Bui  generis,  and  it  seems  di£Bcalt  to  aoooant  for  their 
origin. 

It  may  be  worth  mentioning  in  this  oonnection  tbat  Dr.  Barroiii 
speaking  of  the  physical  history  of  Brittany,  which  presents  certain 
analogies  with  that  of  our  south-western  peninsula,  obeenres  that  the 
Carlx)niferous  period  in  that  region  was  one  of  oscillation  between 
terrestrial  and  marine  conditions — a  period  of  extensiye  emptioni 
and  great  earth  movements.  Hence  he  says  that  a  considerable 
portion  of  the  sediments,  especially  towards  the  base,  are  of  volcanic 
origin.  This  is  not  at  all  the  case  with  the  Carboniferons  in  North 
Devon,  where  the  sequence  is  undisturbed.  According  to  the  viewg 
generally  accepted,  the  main  horizon  for  contemporaneous  igneont 
rocks  in  the  Palaeosoic  of  Devonshire  lies  in  the  Lower  Devouian, 
though  there  seems  to  be  some  difiference  of  opinion  upon  this  point 

The  Old-bed  or  Devonian  Qus5tion. 

This  may  with  justice  be  termed  the  home  question  ;  but  in  order 
to  attempt  a  solution,  it  will  be  found  necessary,  in  the  first  instance, 
to  take  into  consideration  the  Old-Red  Sandstone  of  other  areas. 
The  claim  of  the  Devonian  to  recognition  as  one  of  the  great 
geological  systems  has  been  challenged  more  than  once ;  and  even 
when  this  has  not  been  disputed,  there  have  been  divers  contradictoiy 
efforts  to  fit  in  the  marine  Devonians  with  the  several  members  of 
the  Old-Red  Sandstone.  In  North  Devon  the  matter  was  further 
complicated  by  the  great  Jukesian  heresy,  based  on  the  alternative 
sup])08ition  of  a  concealed  anticlinal  with  an  inversion  towards  the 
north,  or  more  probably  an  east  and  west  fault.  These  ideas,  as 
you  know,  were  successfully  combated  by  Mr.  Etheridge  and  Mr. 
Townshend  Hall  in  the  earliest  days  of  the  Association ;  and  abont 
ten  years  ago  the  latter  gentleman  reviewed  the  history  and  classifi- 
cation of  the  North-Devon  Rocks  in  an  able  paper  which  appeared 
in  the  *'  Transactions."  His  own  classification  of  the  North-Devon 
beds  differs  in  details  from  that  adopted  by  Ussher  and  Woodward; 
but  this  is  a  matter  of  minor  importance,  since  all  agree  in  regarding 
the  llfracombe  limestones  and  associated  slates  as  a  definite  central 
datum  line,  from  whence  to  proceed  either  above  or  below.  Mr. 
Hall  observes  tbat  the  North- Devon  beds  from  Lynton  to  Pilton, 
though  preserving  a  general  dip  to  the  south,  are  folded  into  many 
anticlinals,  reducing  their  apparent  thickness  very  considerably. 

Having  got  the  North-Devon  beds,  which  are  really  the  key  to 
the  whole  Devonian  system,  into  something  like  order,  it  now 
becomes  necessary  to  quit  the  county  for  a  while  in  order  to  study 
the  Old-Red  Sandstone  on  the  other  side  of  the  Bristol  Channel. 
And  here  we  realize  the  fact  that  there  are  two  Old-Red  Sandstones, 
the  Lower  of  which  \a  ^eT^eetV^  co\i^oT\u&ble  with  and  passes  doMrn 
into  the  underlying  SWunan,  vi\i\\%X  V\\^\iy^«t  ^^brk^  ^^Tit^^xvfiL'tk^V'^ 
into  the  CarboniferouB,  ol  v*\i\oV  ^^%\fcm/m  ^  wevwa.  ^\a»^;^xs«^ 
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be  regarded  as  the  base.  It  is  only  in  recent  years  that  this  unoon- 
formity  between  the  Lower  and  Upper  Old-Bed  Sandstone  has  been 
fiilly  reoognized.  Moreover,  this  is  by  no  means  a  local  phenomenon 
confined  to  the  Welsh  districts,  since  in  the  South  of  Ireland  there 
is  a  great  hiatus  between  the  presumed  equivalents  of  the  Pickwell 
Down  beds  above  and  those  of  the  Lynton  beds  below.  Thus  both 
in  the  South  of  Ireland  and  in  South  Wales  the  time  representatives 
of  the  Ilfracombe  and  associated  beds  are  absent  These  three 
districts  are  more  or  less  involved  in  the  great  post-Carboniferous 
east-and-west  folding,  and  may  be  said  to  belong  to  the  same 
system  of  physical  disturbance.  But  even  in  Scotland  Hugh  Miller*s 
Old-Red  Sandstone  is  found  to  consist  of  two  portions,  the  lower 
part  shading  off  into  Silurian,  the  upper  into  the  Carboniferous. 
Thus,  throughout  the  British  Isles,  what  was  formerly  known  as  the 
Old-Red  Sandstone  is  found  to  consist  of  two  very  distinct  members, 
widely  separated  from  each  other  in  point  of  time,  each  having 
a£Bnities  with  the  neighbouring  system.  If,  then,  the  case  rested 
on  the  Old-Red  Sandstone  alone,  its  fate  would  only  differ  from  that 
of  Poland  in  being  partitioned  between  two  instead  of  three  ambitious 
neighbours. 

Having  learnt  thus  much  with  regard  to  the  Old-Red  Sandstone, 
it  is  now  time  to  return  to  North  Devon,  where  we  have  a  fossiliferoua 
series  interposed  between  beds  which  are  held  to  be  the  equivalents, 
vmUaiis  mutandiSy  of  the  Lower  and  Upper  Old-Red  Sandstone  re- 
spectively. It  is  these  fossiliferous  beds  which  forge  the  link  that 
was  missing,  whilst  the  intermediate  yet  independent  character  of 
their  fauna  justify,  on  palceontological  grounds,  their  being  regarded 
as  the  head-quarters  of  a  distinct  and  separate  system.  The  more 
copious  development  of  the  remains  of  marine  organisms  in  the 
corresponding  beds  of  South  Devon  further  justify  the  original 
determinations  of  Lonsdale.  It  is  these  central  beds,  therefore, 
which  constitute  the  backbone  of  the  Devonian  system ;  and  if  the 
correlations  to  which  I  have  alluded  be  substantiated,  they  must 
carry  with  them  the  Upper  and  Lower  Old-Red  Sandstone  as  integral 
parts  of  that  system. 

It  seems  to  be  generally  admitted  that  the  Pickwell-Down  beds 
are  really  the  equivalents  of  the  Upper  Old-Red  Sandstone.  Perhaps 
it  was  Professor  Hull  who  first  suggested  this,  but  nearly  ten 
years  ago  Mr.  Champemowne,  whilst  agreeing  that  the  Pilton  and 
Marwood  beds  should  be  referred  to  the  Carboniferous,  considered 
the  Pickwell-Dovm  Sandstone  to  be  true  Old-Red  Sandstone,  and 
also  Upper  Devonian.  The  fact  of  the  Pickwell-Down  beds  being 
nnfossiliferous  lends  additional  probability  to  this  view.  The 
correlation  of  the  lowest  Devonian  beds  with  the  Lower  Old-Red 
Sandstone  seems  more  open  to  discussion.  In  the  first  place  the 
subject  is  complicated  by  the  suggestion  that  the  Foreland  and 
Hangman  Grits  are  repetitions  of  the  same  beds  by  means  of 
faulting,  and  secondly  the  arenaceous  beds  of  the  Lower  Devonian 
in  North  Devon  yield  some  marine  moWuftca.  TVkft  T^%«a^«CkRfe  ^'^ 
the  Forehnd  Sandatonea  to  the  Glenga^fi  (xxvNa  ^«a  x^^gitx^^^  V 
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Professor  Hull  as  most  striking.  On  the  whole  there  still  seemi  a 
little  obscurity  as  to  the  details  of  the  lowest  DeTonian  beds  on  the 
Bristol  Channel. 

There  wouh)  be  no  use  in  considering  the  Devonian  sequence  in 
South  Devon  until  that  in  North  Devon  had  been  fairly  settled.  It 
is  not  always  that  opportunities  are  afforded  for  studying  a  set  of  bedi 
in  duplicate  within  a  limited  distance,  but  I  have  had  occasion  to 
notice,  more  than  onoe,  the  very  great  differences  of  development 
that  present  themselves  under  such  circumstances  within  areas  not 
so  very  far  apart.  Doubtless  the  original  differences  were  very 
considerable,  since  South  Devon  must  be  regarded  to  a  certain  extent 
as  a  reef  region,  and  the  beds  moreover  were  largely  reinforced  by 
oontempornneous  volcanic  matter  of  a  basic  nature,  from  which  the 
equivalent  beds  in  the  North  Devon  area  were  almost  entirely  free. 
But  in  addition  to  these  congenital  elements  of  difference  are  others 
belonging  to  a  subsequent  period,  such  as  a  further  extravasation  of 
igneous  rocks,  and  above  all  the  extraordinary  folding  and  com- 
pression to  which  the  beds  have  been  subjected.  The  confusion  is 
something  terrible,  and  we  may  regard  the  district  as  practically 
unmapped,  although,  thanks  to  Mr.  Champemowne  and  others,  a 
certain  amount  of  correlation  with  the  North  Devon  beds  has  been 
established. 

The  backl)one  of  the  system  is  constituted  by  the  Great  Devon  and 
Plymouth  limestones  with  their  associated  upper  and  lower  slates, 
the  upper  or  Dartmouth  slates  more  especially  corresponding  with 
the  Morte  slates  of  North  Devon.  Underlying  these  central  beds, 
or  Middle  Devonians,  are  the  Torquay  Grits,  containing  the  Homdlih 
no/u8-beds,  some  of  which  struck  Mr.  Champernowne  as  being 
auspiciously  like  certain  Ludlow  rocks.  These  of  course  are  naturally 
correIate<l  with  the  Hangman  Grits  and  Lynton  Slates.  Whether 
beds  as  low,  or  even  lower  than  these,  occur  in  any  other  jMrt 
of  South  Devon,  I  am  not  in  a  position  to  state ;  but  the  beds  of 
Tealmpton  Creek  have  been  placed  on  this  horizon,  and  some 
geologists  have  even  spoken  of  Silurian  beds  in  the  country  north 
of  Tavistock.  On  the  other  hand,  the  Upper  Devonian,  according 
to  Mr.  Champemowne,  is  represented  by  the  Cockington  Grits, 
originally  described  by  De  la  Beche  as  Old-Red  Sandstone,  and 
these  are  the  equivalents  of  the  Pickwell-Down  beds  of  North  Devon. 
For  Mr.  Champernowne  the  Upper  Devonian  would  apjiear  to 
termiiiato  with  these  beds,  which  he  correlates  with  the  Psammitet 
du  Condroz.  Mr.  Ussher,  in  describing  the  relations  of  the  Devonian 
and  Culm  rocks  on  the  east  side  of  Dartmoor,  observes  that,  as  a 
rule,  the  Upper  Devonian  rocks  occur  in  faulted  association  with 
the  basement- beds  of  the  Culm-measures.  But  in  the  area  between 
Bovey  Tracey  and  Bickington  the  uppermost  Devonian  beds  are 
irregular  slates,  similar  to  the  Pilton  beds,  and  in  one  or  two 
unfaulted  junctions  they  pass  up  into  Culm-measures,  which  are 
overlain  by  indurated  BVia\ea  o^  l\\«i  Coddoiv  Rill  type.  These  recent 
observations  of  Mr.  "CaaVxeT  ^o>\\^  ^e^xs^  \r>  ^wvo^^x*!^  S>s^<6  ^jjmSSss^ 
between  the  Devonian  ToviVB*m^oiV\ivwv^'^^>a.'C«i\W5wv. 
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It  would  be  beyond  the  limits  of  a  Presidential  Address  if  I  were 
to  follow  this  irery  interesting  subject  much  further  on  the  present 
occasion.  I  hope  to  have  demonstrated  that  considerable  progress 
has  been  made  with  the  Devonian  question  during  the  last  twenty 
years,  although,  as  stated  by  Mr.  Whidborne,  in  his  preface  to  the 
"  Devonian  Fauna  of  the  South  of  England,*'  the  correlation  of  the 
different  parts  of  the  system  with  the  major  divisions  in  America 
and  the  Continent  is  still  a  matter  of  discussion.  Crumpled  up  and 
reversed  as  the  beds  are  in  South  Devon,  their  stratigraphy  will 
always  be  complex ;  but  it  is  probable  that  in  their  original  condition 
there  was  considerable  resemblance  to  the  Khenish  and  Belgian 
Devonians,  pointing  to  the  prevalence  of  fairly  siniilar  conditions 
during  the  period  of  deposition. 

Beferring  to  the  subject  of  correlation  with  Continental  beds,  there 
is  an  article  in  the  '*  Neues  Jahrbuch  '*  for  the  present  year  *'  On  the 
Devonian  of  Devonshire  and  the  Boulonnais,'*  writted  by  Herr 
Eayser,  which,  he  says,  is  the  outcome  of  a  trip  to  the  South-west 
after  the  Geological  Congress  of  last  autumn. 

Herr  Kayser  finds  in  South  Devon  a  development  which  intimately 
approaches  the  West-German.  In  the  Upper  Devonian  of  that 
region  he  recognizes  nodular  limestones  with  Glymenia  (more 
typically  developed  at  South  Petherwin),  **  Cyprid»ncn-schiefer," 
Adorf  Goniatite-limestone,  Budesheim-shales,  and  Iberg  Coral-  and 
Brachiopod-limestones.  In  the  Middle  Devonian  he  recognizes 
StringocephaluS'limestone,  (7a/ceo/a-limestone,  Ca^ceo^a-shales,  and 
possibly  also  Goslar-beds.  In  the  Lower  Devonian  he  finds  the 
Upper  and  Lower  Coblenz  stages  and  *'  Siegen-Grauwacke  " 
especially  represented  by  a  small  but  typical  fauna  at  Looe.  This 
general  agreement  is  further  increased  by  the  appearance  of  numerous 
"greenstones,'*  which,  just  as  in  Nassau  and  the  Harz,  are  accom- 
panied by  schalsteins. 

He  notes  the  difference  of  development  in  North  Devon.  In  the 
Upper  Devonian  the  C/^tnenta-limestone,  the  Adorf  Goniatite-lime- 
stone, and  the  Iberg  coral-limestone  are  missing.  In  the  Middle 
Devonian  he  notes  the  absence  of  the  great  Stringocephalus-  and 
Caleeola-limestoneB  of  South  Devon.  The  Ijower  Devonian  of  this 
area,  with  its  preponderance  of  hard  quartzitio  sandstones  and 
grauwackes,  does  not  for  the  present  permit  of  any  close  comparison 
with  the  Rhenish  or  Belgian -French  Devonian.  He  recognizes  the 
horizons  of  the  Pilton  beds  and  of  the  CucuHaa-zone,  or  Baggy  beds, 
which  seem  to  have  their  Continental  analogues  rather  in  Belgium 
than  on  the  Khine,  but  there  is  nothing  in  those  countries  to  represent 
the  Pickwell-Down  Sandstone.  So  likewise  the  phyllitic  shales  of 
Morte  and  Ilfracombe,  which  alone  represent  the  whole  Middle 
Devonian  of  North  Devon,  are  equally  without  analogues. 

From  the  above  we  may  fairly  conclude  that  the  North-Devon 
beds  have  Tery  little  in  common  with  the  Devonians  on  the  Conti- 
Qent.     But  it  is  mainly  through  the  North-Devon  Beds,  as  we  have 
already  seen,  that  the  Devonians  generaWy  can.  \»  \a»A^  \»  ^\.  vcl 
rhh  the  two  tnembers  of  the  Old'-Red  Saudaloiv^.    ^Q>i>cv  \g&Q%x^^^v- 
dJjr  aad  in  oharaoter  the  North-Devon  beda  ooovvp^  wivc^«rQift^>a^«^ 
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position  between  the  calcareong- volcanic  Devonians  of  the  Sotitb  and 
the  coarse  quartzose  sediments  of  the  Welsh  border,  altogether 
devoid  of  molliisca.  If  we  regard  the  "Old-Red"  of  South  Wales 
as  an  inshore  deposit  over  an  area  which  was  deluged  with  fre«di 
water  from  off  the  land,  we  can  believe  that  further  oat  to  sea,  in  the 
times  of  the  Lower  Old-Red,  conditions  were  favourable  for  a 
moderate  amount  of  marine  mollusoa.  This  does  away  with  tlie 
necessity  for  a  barrier,  and  also,  in  a  general  sense,  it  suggesta  a 
kind  of  gradation  between  the  Old-Red,  the  North  Devon,  and 
the  South  Devon  deposits. 

Bolt  Rocks,  kto. 

The  age  of  the  crystalline  schists  of  the  Bolt. — Besides  the  mere 
chronology  of  the  subject,  there  are  questions  of  considerable  interest 
in  connection  with  these  schists,  the  consideration  of  which  more  or 
less  involves  the  physical  history  of  the  bed  of  this  part  of  the 
Channel,  as  well  as  of  the  adjacent  lands.  In  this  connection  also 
we  may  endeavour  more  especially  to  review  the  physical  stmctnre 
of  the  entire  South-west,  to  which  allusion  has  already  been  made  in 
reference  to  the  effects  of  the  great  post-Carboniferous  disturbance 
so  obvious  throughout  Devonshire. 

The  subject  generally  is  by  no  means  ripe  for  final  decision,  and 
even  if  we  limit  our  observations,  in  the  first  instance,  to  the  Bolt 
Rocks  and  their  submarine  connections,  real  or  supposed,  we  moRt 
allow  that,  if  metamorphism  has  usually  proved  an  obscure  question, 
the  study  of  metamorphism  under  water  is  hampered  with  additional 
difficulties.  There  are  no  rocks  in  the  county  whose  age  and  origin, 
even  to  this  day,  are  so  much  debated  as  those  which,  speaking 
generally,  we  may  term  the  Bolt  Hocks. 

Of  the  numerous  theories  which  have  been  advanced,  the  most 
doubtful,  it  seems  to  me,  is  that  which  regards  the  mass  as  the 
result  of  progressive  metamorphism  from  the  action  of  underlying 
or  contiguous  submarine  granite.  Allowing,  for  the  sake  of  the 
argument,  that  there  is  progressive  metamorphism,  although  Prof. 
Bonney  and  Miss  Raisin  distinctly  deny  it,  there  is  very  little  in 
the  chlorite-  and  mica-schists  of  the  Bolt  district  which  resembles 
the  peculiar  fringe  of  partially  metamorphio  rock  due  to  contact 
with  a  granitic  mass.  Such  fringes  are  usually  marked  by  abundance 
of  andalusite,  amongst  their  other  characteristics,  especially  when 
slates  are  invaded.  Yet  we  do  not  hear  of  this  mineral  in  connec- 
tion with  the  Bolt  Rocks,  though  it  must  he  admitted  that  the  micro- 
scope has  revealed  the  existence  of  kyanite,  hitherto  unsuspected. 

Let  us  now  for  a  moment  examine  the  case  for  progressive 
metamorphism,  which  has  found  a  recent  advocate  in  Mr.  Somervail. 
Many  of  us  perhaps,  in  common  with  that  gentleman,  fail  to  under- 
stand why  all  metamoq)hio  rocks,  not  absolutely  the  result  of  contact 
action,  should  be  claimed  as  Archa3an.  But  this  unwillingness  to 
accept  their  Archaean  age  does  not  compel  us  to  believe  that  there 
has  been  progressive  metamorphism,  whereby  an  extension  of  the 
Dartmouth  Slates,  eveiv  V\\\i  \>:\^  «A<^\>AftTi  <b"l  \w\Ar^c^^4»<i  l^eona 
rocks,  has  yielded,  xiTvdex  i^cvx\\«t  ^\TCA\\CksX«w:«^  "Ow^  \ivv:ftk-v^>9^ 
and  chlorite-rockB  of  t:^e  Bo\V.    l\.x.^^m^xN^\:%  ia^Ts^^Tx\.,SisaJ^'^ 
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chlorite  rooks  are  the  metamorpbio  equivalents  of  interbedded  sbeets 
3f  igneous  rook  on  tbe  nortb  side  of  tbe  syncline,  tbougb  ingenious, 
is  scarcely  convinoing.  A  series  of  obemical  analyses  at  tbis  stage 
>f  tbe  argument  would  be  useful.  On  striking  tbe  balance  of 
evidence  it  seems  probable  tbat  tbe  slaty  beds  are  wholly  distinct 
Torn  tbe  true  metamorpbio  rocks  in  tbe  south.  If  reliance  is  to  be 
placed  on  the  microscope,  tbis  must  be  regarded  as  proved.  I  would 
remark  also,  tbat  few  things  are  more  deceptive  than  an  apparent 
lequence  in  a  highly  compressed  region ;  so  tbat  tbe  presence  of 
I  fault  is  more  often  a  matter  of  inference  than  of  direct  observation 
n  such  districts. 

It  is  not  absolutely  necessary  for  us  to  believe  that  the  crystalline 
icbists  of  the  Bolt  are  of  ArchaBan  age,  if  indeed  we  know  exactly 
vrbat  is  meant  by  Arcbssan.  But  I  think  tbat  tbere  are  fair  reasons 
'or  considering  them  to  be  older  than  tbe  Devonian  against  whicb 
:hey  abut ;  and  tbat,  in  point  of  fact,  they  owe  tbeir  present  position 
x>  having  been  involved  in  tbe  anticlinal  uplift  of  wbich  tbere  are 
^'aoes  here  and  there  along  tbe  channel  shores  of  the  Devon-Cornwall 
3en  insula. 

And  tbis  brings  me  to  tbe  consideration  of  tbe  general  structure 
)f  Devonshire  from  a  stratigraphical  point  of  view.  Regarded  as 
i  whole,  every  one  knows  that  Devonshire  is  a  broad  synclinal. 
Fbe  Lower  Devonian  beds  of  Torquay  on  tbe  one  side  and  of  Linton 
)n  the  other  are  practically  on  tbe  same  horizon,  and,  omitting  minor 
3urves  and  breaks,  tbe  extensive  region  between  these  two  points 
is  one  great  trougb  of  Palaeozoic  rocks.  But  if  we  start  again  from 
tbe  neighbourhood  of  Torquay  in  the  direction  of  Dartmoor,  it  is 
itill  found  that,  on  tbe  whole,  newer  beds  come  to  tbe  surface  as 
tbe  south-east  flank  of  tbe  granite  mass  is  approached.  No  matter 
bow  tbe  beds  in  the  immediate  vicinity  of  the  granite  may  be 
iffected,  tbe  south-east  flank  of  Dartmoor  must  be  regarded  as  lying 
in  a  depression,  relative  to  the  coast  rocks  at  tbe  points  already 
tnentioned.  Again,  shifting  our  position  considerably  with  regard 
to  the  central  mass  of  granite,  we  find  a  suspicion  of  Lower  Devonian 
rooks  at  Yealmpton,  and  a  certainty  of  them  at  Looe,  all  pointing  to 
iie  conclusion  tbat  tbere  are  traces  of  tbe  northern  wing  of  an 
inticlinal  on  tbe  Channel  coast  An  inner  and  more  deeply-seated 
Dortion  of  tbis  anticlinal,  in  places  resulting  in  a  dislocation  and 
jossibly  an  inversion,  has  brougbt  up  the  crystalline  schists  of  tbe 
Bolt.  Witb  these  perhaps  may  be  associated  inferentially  the 
^eissic  rocks  in  tbe  neighbourhood  of  tbe  Eddystone,  mixed  witb 
)tber  crystalline  rocks,  such  as  those  mentioned  by  Mr.  Artbur  Hunt. 
But  if  the  submarine  granite  or  granites  have  had  no  more  efiect  than 
;hat  of  Dartmoor  in  uplifting  the  country,  they  must  be  regarded  as 
'actors  of  minor  importance  in  tbe  structure  of  tbe  Channel  anticlinal. 

Of  course,  tbe  probability  of  an  anticlinal  axis  in  the  English 
Hbannel  has  long  been  recognized,  and  indeed  the  space  between 
;be  Devon-Cornwall  peninsula  and   Brittany  is  wlda  «Qa\\^  ^ojt. 
nany  a  Bexnre,  the  mean  result  being  an.  eaaV^xA-vj^^V.  vkv»»  ^\ 
riuoipal  uplift,  the  exact  position  o£  Yr\i\Ci\i  \V.  ^&  \m>^^'w^^  ^» 
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determine.  Taking  a  wide  geographical  view  of  the  anhjec^  we 
cannot  fail  to  see  that  there  is,  first  of  all  on  the  north,  the  syndinai 
of  the  Glamorganshire  coal-field ;  next  the  anticlinal  of  the  Bristol 
Channel,  both  being  rather  limited  in  extent.  The  second  and 
central  synclinal  is  that  of  Devonshire,  somewhat  bulged  by  the 
mass  of  Dartmoor.  The  succeeding  anticlinal  of  the  Engliih 
Channel  was,  in  all  probability,  of  a  very  complex  nature,  bringing 
up  to-day  many  old  and  curious  rooks,  more  or  less  injected  by 
granites,  of  which  we  now  have  the  evidence  in  the  Channel  Islands, 
to  say  nothing  of  the  traces  in  the  bed  of  the  Channel  itself,  such  as 
Mr.  Hunt  has  so  often  brought  to  the  notice  of  the  Association. 

Beyond  this  mysterious  region  of  the  Channel  lies  the  rocky 
couutry  of  Brittany,  which,  according  to  Dr.  Barrois,  is  essentially 
constituted  by  a  vast  geosynclinal  depression,  running  from  east  to 
west  The  fianks  of  this  great  basin  consist  of  very  ancient  rocks, 
not  quite  parallel  to  each  other,  but  converging  somewhat  towards 
the  west,  and  opening  out  towards  the  east  The  area  enclosed  has 
numenius  secondary  folds,  and  includes  a  large  series  of  beds  from 
the  Silurian  to  the  Carboniferous.  In  this  region  also  there  are 
granites,  but  of  more  than  one  age,  and  Dr.  Barrois  thinks  that  they 
have  rather  a  tendency  to  follow  the  anticlinal  axes. 

Brittany,  therefore,  constitutes  our  third  great  synclinal ;  but  in 
that  country  a  far  lower  sequence  of  beds  is  brought  to-day  than  in 
Devonshire,  proportionate  in  fact  to  the  much  greator  area  of  the 
country  itself.  The  principal  folding  movements  there  also  date 
from  Carboniferous  times,  and  thus  the  entire  region,  from  South 
Wales  to  Brittany  inclusive,  belongs  to  what  we  may  call  the 
Hercynian  system  of  mountain-making.  It  is  interesting  to  note 
that,  in  the  vicissitudes  of  time,  the  three  synclinal  ai'eas  still  keep 
their  heads  above  water,  whilst  the  two  areas  occupied  by  the 
anticHnals  are  submerged — by  no  means  an  uncommon  geognostic 
feature.  I  am  not  quite  prepared  to  believe  that,  on  this  meridian, 
the  so-called  Hercynian  system  ever  attained  to  any  great  degree  of 
elevation,  though  undoubtedly  of  great  width.  Its  degradation  has 
contributed  enormously  to  the  Mesbzoic  deposits,  and  in  a  lesser 
degree  perhaps  to  the  Tertiaries  of  the  country  to  the  eastward. 

{To  bt  concluded  in  the  December  Number,) 
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I. — Marine  Deposits  in  the  Indian  Ooean. 
"  On  Marine  Deposits  in  the  Indian,  Southern,  and  Antarctic 
Oceans."     By  John  Murray,  LL.D.,  F.R.S.E.     Scottish  Geo- 
graphical Magazine,  vol.  v.  (1889),  pp.  405-436,  woodcuts  1-12. 

IN  November,  1887,  Dr.  John  Murray  communicated  to  the  Scottish 
Geographical  Magazine  an  account  of  the   marine  deposits  in 
the  deeper  regioun  of  the  ludlau  Ocean,  mainly  based  upon  materials 
obtained  by  CaptA\tv  3.  Y.  "VV.wi\^wc,  ol  ia.^\.%.  YX^iVR^  ¥\*W    Subse- 
quent  investigations  \i^  Ca^Va\T\  V^Wvyxvx  KV^tv^  yq.  ^:«w^.^«rf^pT>a^ 
and    Captain   A.   Catpeut^t  ^  ^.^V.^.  1^^^^*^^^^^^  ^^^^  ^^^^^ 
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recent  dredgings  off  the  eut  coast  of  Africa  for  the  pnrpOBe  of  laying 
oablea,  have  fnrniihed  the  author  with  ample  means  for  extending 
the  results  formerly  attained;  and,  on  the  present  occasion,  Dr. 
Marraj  ventures  to  map  the  area  described,  carefully  marking  all 
the  points  from  which  sediment  has  actually  been  examined,  and 
those  from  which  sufficient  material  has  been  obtained  for  a  chemical 
and  mioroeoopical  analysis.  Tbe  map  "  represents  the  Indian  Ocean 
and  those  portions  of  the  Sonthem  and  Antarotio  Ooeans  between 
the  meridians  of  20°  and  150°  E.,  and  is  estimated  to  contain 
27.600,000  square  miles."  In  this  area,  415  reliable  soundings  in 
depths  of  1000  fathoms  and  upwards  are  available  for  study  and 
oorapariion ;  and  the  desoriptiona  and  conolasions  detailed  in  the 
memoir  before  us  form  an  important  addition  to  the  quota  of  infor- 
mation conoeming  marine  sediments  already  placed  by  I)r.  Murray 
at  the  disposal  of  geologists. 


"  Beyond  the  1000-fathom  line  there  is  a  gradual  deeijening  froto 
the  abore,  extending  southwards  and  eaatwaicAa, ft\« &wi^\ »ra<is\S'cM^ 
being  foand  in  tbe  eastern  portion  of  tbe  "cegton  vitiam  cwmv^ew&'a-^. 
Tbe  deepoat  part  «,  indeed,  situated  \>etwe*n.  fc«  w^«M>x  «A-  "w^' 
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40th  parallel  of  soath  latitude.  South  of  this  the  ooean  gradually 
shallows  towards  the  Antarotio  Continent.  .  .  .  The  zone  between 
2000  and  3000  fathoms  oooupies  a  much  larger  portion  of  the  whole 
area  than  any  of  the  others,  and  it  is  estimated  that  the  mean  depth 
of  the  whole  region  is  about  2300  fathoms." 

The  deposits  are  classified,  as  usual,  into  Oceanic  and  Terrigenous ; 
-and  under  the  former  are  included  the  Globigerina,  Diatom,  and 
'Badiolarian  Oozes,  besides  Red  Clay,  while  the  latter  comprise  Blue 
'ICnd,  Ooral  Mud  and  Sands,  and  Green  Sands.  A  brief  section  of 
the  memoir  is  devoted  to  each  of  these  sediments,  and  a  series  of 
detailed  descriptions  of  typical  specimens,  with  lists  of  organisms, 
ia  appended. 

Among  the  more  striking  features,  perhaps,  is  the  discovery  by 
Oapt  Aldrich  in  the  Red  Clay  area  of  semi-fossil  teeth  of  Sharks  and 
ear-bones  of  Whales,  more  or  less  encrusted  with  oxide  of  manganese, 
as  already  observed  by  the  Challenger  expedition  in  certain  similar 
regions  of  the  Pacific  and  Atlantic  Oceans.  Through  the  kindness 
of  Dr.  Murray  we  are  enabled  to  reproduce  the  figures  of  four  such 
specimens  (Figs.  1-4)  obtained  by  the  Challenger ;  and  it  will  be 
noted  that  two,  at  least,  pertain  to  species  characteristic  of  the 
Middle  Tertiary  and,  so  far  as  known,  no  longer  existing. 

The  hollow  shell  of  a  dental  crown  shown  in  Fig.  1,  is  indistinguish- 
able from  the  well-known  fossil  tooth  discovered  in  the  Miocene  or 
Pliocene  of  nearly  all  parts  of  the  world,  and  ascribed  to  Carcharodon 
megalodott.  Fig.  2  represents  a  tooth  of  Oxyrhina  hastalis,  which 
seems  to  have  an  equally  wide  distribution  in  Tertiary  formations  ; 
and  another  tooth,  not  figured,  is  very  suggestive  of  the  so-called 
Otodua  ohliquua  of  the  London  Clay.  The  Cetacean  ear-bone  shown 
in  Fig.  3  is  identified  with  the  existing  Ziphitia  eavirostris ;  and 
Fig.  4  gives  a  view,  in  section,  of  a  manganese  concretion  formed 
round  an  ear- bone  of  Mesoplodon.  Small  spherules,  with  metallic 
iron  as  a  nucleus  (Fig.  5),  regarded  as  of  cosmic  origin,  are  also 
found  in  the  Red  Clay;  and  numerous  small  mineralogical 
curiosities,  including  granules  of  bronzite  (Fig.  6),  are  mingled 
with  the  same  sediment.  '*  There  are  indications  that  volcanio 
disturbances  have  taken  place  at  the  bottom  in  these  regions,  but 
at  a  remote  period  rather  than  recently."  A.  S.  W. 


II. — Geolooioal  and  Natural  History  Surtbt  of  Canada.  Con- 
tributions TO  Canadian  Paubontologt.  By  J.  F.  Whitbaves, 
F.G.S.,  eta,  Palsdontologist  and  Zoologist  to  the  Survey.  Vol.  I. 
Part  II.  8vo.  pp.  90-196,  plates  xii.-xxvi.  (Montreal,  W.  F. 
Brown  &  Co.,  1889.) 

PART  I.  of  this  series  ^  contained  only  one  memoir ;  the  present 
consists  of  three,  viz. — (1)  On  some  Fossils  from  the  Hamilton 
Formation  of  Ontario,  with  a  list  of  the  species  at  present  known 
from  that  Formation  and  Province ;  (2)  The  Fossils  of  the  Triassic 
Rocks  of  British  Columbia ;  (3)  On  some  Cretaceous  Fossils  from 
Britiah  Columbia,  the  North- West  Territory  an^  "NbxixVOci^ 

'  fieriewed  in  the  Qbol.  Mao.  MmcV  \%%^. 
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Advance  oopies  of  the  letter-press  of  these  memoifB  have  already 
been  distributed,  pages  91-122^  having  been  iMoed  in  September, 
1887;  pa^es  123-150  in  December,  1888;  pages  151-184  in 
June,  1889;  while  the  remainder,  or  pages  185-196,  are  dated 
August  1,  1889. 

It  may  fairly  be  questioned  whether  palsoontological  soienoe  is  in 
any  way  benefited  by  the  practioe  of  issuing  advance  copies  of 
descriptions  of  fossils,  without  any  figures  to  assist  in  their  inter- 
pretation. The  object  of  so  doing,  viz.  to  secure  priority  to  the 
author  of  the  species,  is,  of  course,  a  perfectly  legitimate  one,  bat 
who  that  has  attempted  to  picture  to  himself,  from  a  description 
alone,  the  form,  say  of  an  Ammonite,  with  all  its  intricacies  of 
sculpture  and  suture-line,  will  not  admit  that  the  task  has  been  in 
too  many  oases  a  hopeless  one  ?  Good  figures  have  now  become 
indispensable  for  the  accurate  identification  of  species,  and  not  only 
do  new  species  require  them,  but  many  old  ones  should  be  lefigured 
from  the  original  types.  Such  work  would  greatly  lighten  the 
labours  of  the  palaeontologist 

However,  the  volume  now  under  review  is  amply  supplied  with 
figures  of  all  the  new  species  de8oril)ed,  in  a  series  of  exoellent 
lithographic  plates,  whose  exeoution  reflects  much  credit  alike  upon 
the  artist  and  the  lithographer. 

The  first  paper  of  the  series  enumerated  above  contains  description! 
of  Corals,  1  species,  of  Crinoids  1 1 ,  of  Blastoids  5,  of  Brachiopods 
11.  of  Lamellibranchs  2,  of  Gasteropods  6,  of  Trilobites  1,  and  of 
Fishes  1.  Of  these  the  following  are  considered  to  be  new  to 
science,  viz.  Taxocrinut  lohatua,  Hall,  var.,  (unnamed),  Homocrinui 
crassua,  Dolatoerinua  CanodeiMta.  PerUremitidea  filoaa  (doubtfully 
new),  Lingula  The^fordenais,  Spirifera  auhdecussata,  Platyosioma 
pUcatum,  These  are  followed  by  a  useful  list  of  fossils  from  the 
Hamilton  Formation  (Middle  Devonian)  of  Ontaria 

The  author  acknowledges  his  indebtedness  to  Mr.  Charles  Wachs- 
muth  for  the  identification  of  three  species  of  Crinoids,  "as  well  as 
for  valuable  critical  suggestions  in  reference  to  the  Crinoids  and 
Blastoids  generally." 

It  is  a  pity  tliat  so  competent  a  oonchologist  as  Mr.  Whiteaves 
should  not  have  taken  upon  himself  to  decide  the  point  as  to  the 
affinities  of  the  fossil  named  by  de  Vemeuil,  and  later  by  Professor 
James  Hall,  Ttir^o  Shnmardi^  figured  on  plate  xvi.  (fig.  8)  of  the 
present  memoir.  Mr.  Whiteaves  goes  no  further  than  to  observe 
that  "  the  reference  of  this  shell  to  the  Linnaaan  genus  Turho  does 
not  seem  entirely  satisfactory,  and  it  is  not  easy  to  define  in  what 
particular  it  differs  from  Platyostoma,** 

The  second  memoir  "  On  some  Fossils  from  the  Triassic  Kecks 
of  British  Columbia"  is  prefaced  by  a  brief  account  of  the  geo- 
graphical ran^e  of  some  of  the  typical  species  collected,  one  of  which, 
a  species  of  Halobia,  is  of  interest  as  coming  from  the  roost  northerly 
locality  on  the  continent  of  North  America  (the  Stikine  Biver),  from 
which  Triassic  fossUs  "have  '3^\.\>%«ii  cAi\»Ivcv^^. 

^  Pages  1-90  are  toiii8iMi%^*va>VM^\.  ^1  ^«fc>L«M(a%« 
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The  oolleotion  of  the  Triassic  fossils  of  British  Columbia  now- 
contained  in  the  Museum  of  the  Survey  consists  of  3  species  of 
Braohiopoda,  5  of  Lamellibranchiata,  1  of  Gasteropoda,  and  8  of 
Cephalopoda,  besides  some  undeterminable  fra^pnents  of  Pentacrinites. 
Of  these  the  four  following  are  identified  with  previously  described 
species,  viz.  Terebratida  HumboHensiSy  Monotis  subcircuiaria,  Halobia 
(Daonella)  Lommelif  and  Arcestes  Gabhi ;  tlie  remainder  are  regarded 
as  new,  or  of  uncertain  affinities,  viz.  Spirifertna  boreaHs,  Terebratnia 
lAardensiSf  Monotis  ovalis,  Halobia  oecidentalist  Trigonodus  (f) 
prodtictuSy  Margarita  Triaasieaj  Nautilus  Liardensis,  Popanoeeraa 
McConneili,  and  variety  lenUculare,  Acrochor  dicer  as  (?)  Carlottense^ 
Traehyceras  Canadenne,  Amiotites  (species  uncertain),  Arniotitea  or 
Celtites  (species  uncertain),  Badiotites  Carlottenais,  Most  of  the 
species  of  Cephalopoda  described  as  new  were  examined  by  Professor 
A.  Hyatt,  of  Boston,  whose  observations  regarding  them  are  appended 
to  Mr.  Whiteaves'  descriptions.  The  new  genus  Arniotitea^  Hyatt, 
is  here  jointly  described  by  Mr.  Whiteaves  and  Professor  Hyatt,  the 
latter  regarding  it  as  the  equivalent  of  the  Balatonitea  arietiformea  of 
Mojsisovics.  The  type-species  is  the  Celtitea  (?)  Vancouverenaia  of 
Whiteaves,  described  in  Dr.  G.  M.  Dawson's  "  Report  of  a  Geological 
Examination  of  the  Northern  Part  of  Vancouver  Island  and  Adjacent 
Coasts  "  (Ann.  Rep.  Geol.  Surv.  Canada  for  1886,  p.  110  B.) 

The  third  memoir — On  some  Cretaceous  Fossils  from  British 
Columbia,  the  North- West  Territory  and  Manitoba — is  divided  into 
the  following  sections,  viz.  (A.)  **  From  the  Earlier  Cretaceous  of 
British  Columbia,"  in  which  the  following  species  occur : — Aucella 
Moaquenais,  var.  concentrica,  Yoldia  arata,  Whiteaves,  Aatarte  Car- 
lottenaia,  n.sp.,  Opia  Vancouverenaia,  Wliiteaves,  Piacenticeraa  occi' 
dentafe,  Whiteaves,  P.  Perezianum,  Whiteaves.  P.  (Pcrczianum?  var.) 
lAardenae,  and  Scaphitea  Quatainoenaia,  Whiteaves. 

(B.)  "From  the  North- West  Territory." 

(1.)  From  Rink  Rapids,  on  the  Lewis  River,  a  tributary  of  the 
Yukon,  in  Latitude  60^  20'  and  Longitude  136<^  SO' ;  collected  by 
Dr.  G.  M.  Dawson  in  1887. 

The  following  species  are  recorded  from  this  locality : — Diacina 
pileolua,  n.sp.,  Cyprina  Yukonenaia,  n.sp.,  Schlcenbachia  borealia,  n.8p.  ?, 
Eatheria  bellula,  n.sp. 

(2.)  From  the  Rocky  Mountains,  three  miles  north  of  the  east 
end  of  Devil's  Lake ;  collected  by  R.  G.  McConnell  in  1«87. 

The  fossils  here  obtained  are  said  to  be  "  probably  from  the  same 
geological  horizon  as  the  Lower  Shales  and  Sandstones  of  the  Queen 
Charlotte  Island  Cretaceous,'*  and  consist  of  the  following,  viz. 
Terebratula  robuata,  n.sp.,  Oatrea  Skidegatenaia,  Whiteaves.  Exogyra 
(species  undeterminable).  Lima  perobliqua,  n.sp.,  Pteria  (Oxytoma) 
Comeuiliana,  d'Orbigny,  Inoceramua,  Trigonoarea  tumida,  Whiteaves, 
Trigonia  Dawaoni,  Whiteaves,  Aatarte  Carlottenaia,  Whiteaves,  Froto- 
eardium  HUlanum  (?)  var.,  Cyprina  occidentalia,  Whiteaves,  Pleuromya 
CarlottenMa,  Whiteaves,  Schloanbachia  borealia,  Whiteaves,  S.  gracilia, 
n.sp.,  Belemniiea  (species' an detenninableV 

(3.)  From  the  PeaoQ  River,  a  few  mWea  \>Aox?  'So^^wm^Nss^N 
ooUeoted  bjr  Mr,  W.  Ogilvie,  D.L.S.,  m  lBft5. 
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Only  one  speoies  was  collected  in  this  locality*  viz.  Flaceidicent 
glabrum,  n.sp. 

(4.)  From  the  Fort  Pierre  Oronp  of  the  Later  Cretaceooa  Bodn 
of  the  Saskatchewan  and  its  tributaries ;  collected  bj  J.  B.  Tjrrell 
in  1885  and  1886. 

From  this  locality  the  following  species  were  obtained,  some  of 
which  were  described  in  Mr.  Tyrrell's  Report  in  the  Annual  Report 
of  the  Survey  for  1886  (vol.  ii.  new  series,  pp.  163-168  E),  bnt 
without  figures,  a  want  which  is  here  supplied : — Pteria  linguifomitt 
var.  auhgibhosa.  Meek,  Jnoceramvs  Sngensis,  var.  NehraseenBta,  Owen, 
I.  Vanuxemi,  Meek  &  Hayden,  GervUlia  rfcta^  var.  horealis,  Whit- 
eaves,  Tancredia  Americana,  Meek  &  Hayden,  Cyprina  ovatOf 
M.  &  H.,  Cyprina  subtrapeziformis,  Whiteaves,  Proiocardia  $nih 
guadrata,  Evans  &  Shumard,  Proiocardia  borealia,  Whiteaves, 
Linearia  formona?  Meek  &  Hayden,  FhoJadomya  auhventricoBOt 
M.  <feH.,  Liopistha  undata,  M.  &  H.,  Soleeurtis  (Tagelua)  occidenUdiif 
Whiteaves,  Martesia  tumidifrons,  Whiteaves,  Hydatina  parvula,  Whit- 
eaves, Lunatia  concinna.  Hall  &  Meek,  sp.,  BacuHtes  ovaivi,  Saj, 
B.  grandiB,  Hall  <&  Meek,  B,  compreaitus.  Say,  Scaphitea  nodofus, 
Owen,  Placenticeraa  placenta,  Dekay,  sp.,  Palaaatacua  (?J,  omaiuh 
Whiteaves,  Tooth  of  a  Selachian. 

(C.)  "From  Manitoba." 

From  the  Niobrara-Benton  Formation  of  the  Later  Cretaceous  in 
the  Duck  and  Riding  Mountain  District.  Here  the  following  species 
have  been  collected  : — Serpitla  semicoalita,  n.sp.,  LingiUa  svh- 
spatnlata  (?),  Hall  &  Meek,  Ostrea  congesta,  Conrad,  Anomia  obUquaj 
Meek  &  Hayden,  Inoceramns  problemaiicna,  Schlotheim,  Modiola 
tenuisculpta,  n.sp.  (?),  Belemnitella  Manitohensia,  n.sp.,  Loricula  Cava" 
denais,  n.sp.,  Ftychodna  parvnlus,  n.sp.,  LnmtM  Manitobenaia,  n.sp^ 
Enchodua  Shumardif  Leidy,  Cladocyclua  occidentalia,  Leidy. 

A.H.F. 

III. — Notes  on  the  Jurassic  and  Cretaceous  Strata  of  Russia 

AND  England.     By  Prof.  A.  Pavlow. 
Etudes    sur    les    Couches    Jurassiques   et    CrI;tac£es   db  la 

RUSSIE.       I.    JURASSIQUE   SUP^IRIEUH    £T    Cr£tAC£    InFERIEUR  DK 

LA  Russie  et  de  l*Anglkterre.  Par  le  Prof.  A.  Pavlow. 
Bulletin  de  la  Soc.  Imp.  de  Moscow,  1889,  No.  1,  pp.  61-127, 
176-179,  Pis.  II.,  III.,  IV. 

CONFLICTING  opinions  touching  the  relative  age  and  position 
of  a  series  of  strata  in  the  higher  portion  of  the  Jurassic  and 
the  lower  portion  of  the  Cretaceous  in  the  East  of  Russia,  have  for 
a  long  time  existed  among  Russian  palasontologists,  and  curiously 
enough  the  question  as  to  the  proper  correlation  of  the  strata  on  the 
same  horizons  in  this  country  is  still  a  debated  point,  as  shown  in 
the  excellent  paper  "On  the  Subdivisions  of  the  Speeton  Clay," 
brought  recently  before  the  Geological  Society  by  Mr.  G.  \V.  Lanip- 
lugh.  Prof.  Pavlow  has  studied  for  many  years  the  Russian  beds, 
developed  more  part\cw\aT\'^  Tve«t  ^VxxOovc^  <bTs.'Cw^\A'^^\^'S^\^,«Ml 
I'tt  the  neighbourhood  oi  "MLo^covi,  wi^X^v. ^^»x  V^  \a»i5«i  %.  V^-rws^^ 
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examination  of  the  section  at  Speeton,  and  of  the  fossils  therefrom 
in  the  Woodwardian  and  other  museums  of  this  country,  with  the 
result  of  discovering  a  very  close  resemblance  in  the  fossils  and 
petrographic  character  of  these  beds  in  the  two  countries,  so  that 
there  can  be  no  doubt  that  they  should  be  considered  as  synchronio 
or  homotaxial.  The  points  of  similarity  and  difference  in  the  deposits 
and  the  fossils  are  discussed  in  considerable  detail  in  the  present 
paper,  and  the  following  are  the  conclusions  arrived  at  by  the  author : 
(1)  The  beds  with  Feriaphinctea  virgatua   of  the   East  of  Russia 
immediately  overlie  the  strata  with  HopUtea  eudoxua  and  Exogyra 
virgula  (Middle  Kimmeridge),  and  are  intimately  related  to  these 
latter.    (2)  The  Russian  strata  with  Periaphinctea  virgatua^  correspond 
to  the  Upper  Kimmeridge  of  English  geologists  (Blake),  to  the 
Lower  Portlandian,  and,  in  part,  to  the  Middle  Portlandinn  of  the 
French  geologists  (Loriol).    (3)  The  zone  of  Ohoatephanua  triptieaiua, 
or  the  Lower  Portland  of  Blake,  exists  in  the  Russian  Jura,  and  serves 
as  base  to  the  beds  with  Oxynoticeraa  catentdatum  (the  first  etage  of 
Bouillier).     (4)  Judging  by  its  stratigraphical  relations,  this  first 
^tage  with  0.  eatentUatum,  cannot  be  more  recent  than  the  Upper 
Portland.     (5)  The  bituminous  schists  of  the  Province  of  Simbirsk 
and  those  of  Speeton  are  on  the  same  geological  horizon.     (6)  The 
zone  of  Belemniiea  lateralia,  Phill.   {eorpuleutua,  Nik.),  of  Simbirsk, 
and  the  first  etage  of  Rouillier,  correspond  to  the  zone  at  Speeton 
of  this  same  fossil,  and,  consequently  (7)  the  Bel.  laieralia  zone  at 
Speeton  corresponds  to  the  Upper  Portland  of  the  South  of  England. 
(8)  The  gravels  of  Spilsby,  Lincolnshire,  are  nearly  equivalent  to 
the  Bel,  laieralia  zone  of  Speeton,  and  to  the  corresponding  beds  in 
Russia.     (9)  Between  the  zone  of  Bel.  later  alia  (eorpulentua)  and  the 
Neocomian  beds  of  Simbirsk  there  is  a  well-marked  unconformity, 
which  (10)  nearly  coincides  with  the  epoch  of  HopUtea  noricua  and 
Bel.  jaculum  (.type).     (II)  The  zone  at  Speeton  with  Amm.  apeeton- 
enaia  corresponds   to   the   lower  part  of  the   Neocomian   clays   of 
Simbirsk    (clays  with    Olcoat,    veraicohr  and  Inoceramua  aucella). 
(12)  The  fauna  of  the  higher  stages  of  the  Russian  Jura  (first  and 
second  etages  of  Rouillier,   Volgien    inferieur  et  siiperieur)  is   so 
intimately  allied  to  that  of  the  corresponding  stages  in  England, 
that  it  is  possible  and  desirable  to  adopt  a  common  stratigraphical 
classification  for  the  two  countries. 

The  author  further  shows  in  tabular  form  the  corresponding  zones 
in  the  two  countries,  and  describes  and  figures  some  of  the  principal 
fossils,  including  new  species  of  Olcoatephanua  from  Swindon,  and 
Spilsby,  as  well  as  from  Simbirsk. 

rV. — Prof.  F.  FouQui  on  Earthquakes. 
Lbs    Trkmblkmbnts    de    Terre.      By   F.    FouquI:,    Membre    de 
rinstitut   (Academic  des  Sciences),   Professeur  au  College   de 
France.     328  pp.     (Paris,  J.  B.  Bailliereet  Fils,  1888.) 

AS  the  whole  of  Prof.  Fouqu6's  book  will  repay  a  careful  study, 
this  notice  may  be  confined  to  one  or  two  passages  that  seem 
to  me  to  admit  of  improvement,  and  a  few  others  as  being  worthy 
of  especial  attention  from  geologists. 
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Ta  a  reoent  work  on  Earthquakes,  we  shoold  expect  to  find  a  fair 
diHCUBsion  of  some  of  the  excellent  seismographs  which  have  lately 
been  invented  in  Japan  and  other  places.  M.  Fouqae  excuses  him- 
self from  the  task  of  writing  such  a  chapter  (pp.  7-^),  partly  on  the 
ground  that  the  subject  deserves  to  be  treated  in  a  separate  work ; 
partly  because  improvements  are  continually  being  made  in  these 
instruments,  and  their  description  will  gain  by  being  deferred  for 
some  years.  If  this  latter  principle  were  consistently  carried  oos 
how  many  works  on  natural  science  would  ever  see  the  light  ?  Bat 
the  influence  of  these  reasons  is  not  very  apparent.  For  the  average 
length  of  one  of  M.  Fouque*s  chapters  is  a  little  less  than  18  pages; 
and  the  scattered  references  to  seismographs  and  other  instrument! 
amount  to  rather  more  than  20  pages,  excluding  the  description  of 
those  used  in  the  experiments  on  the  velocity  of  earth-waves.  Now, 
of  these  twenty  pages,  seven  are  devoted  to  Cavalleri*s  seismoscope 
and  some  of  the  results  that  have  been  obtained  with  it  But,  owing 
to  the  fact  that  the  period  of  vibration  changes  during  an  earthquake, 
and  to  the  natural  defects  of  the  instrument  itself,  thene  pages  are  of 
little  value.  Of  other  instruments  alluded  to,  the  accounts  are  too 
short  and  incomplete  to  be  of  much  use,  and  in  only  one  case  is  the 
description  accompanied  by  a  figui*e.  It  is  to  be  hoped  therefore 
that,  in  a  new  edition,  M.  Fouque  will  see  his  way  to  replacing 
these  twenty  pages  by  a  chapter  in  which  a  few  of  the  more  trust- 
worthy seismographs  are  exactly  figured  and  described. 

In  the  chapter  on  the  **  centre  of  disturbance,"  the  approximate 
and  imperfect  nature  of  our  methods  for  determining  its  superficial 
position  and  depth  is  carefully  pointed  out.  The  method  employed 
by  Messrs.  Dutton  and  Hay  den,  in  the  case  of  the  Charleston 
earthquake,  is  however  quoted  with  some  approval.  But  this 
method  makes  the  depth  of  the  centre  independent  of  the  intensity  of 
the  initial  disturbance.  For  instance,  in  every  earthquake  originat- 
ing at  a  depth  of  3^  miles,  the  intensity  would,  if  the  method  were 
correct,  decrease  most  rapidly  at  a  distance  of  about  two  miles  from 
the  epicentrum.  But  we  can  imagine  the  intensity  of  the  earth- 
quake to  be  so  feeble  initially  that  it  cannot,  by  the  most  delicate 
instrument  yet  constructed,  be  felt  at  so  great  a  distance  from  tlie 
epicentrum,  or  perhaps  even  l>e  felt  at  the  surface  at  all.  The 
method  is  thus  unreliable,  however  carefully  applied.  Perhaps  a 
more  accurate  statement  of  it  would  be  that  it  gives  an  inferior 
limit  to  the  depth  of  the  seismic  focus. 

Microseismology,  one  of  the  latest  and  most  fascinating  develop- 
ments of  the  science,  is  dismissed  in  a  short  chapter  of  a  dozen  pages. 
Half  of  the  chapter  is  allotted  to  the  perturbations  of  magnetic  in- 
struments during  earthquakes.  But,  whilst  these  interesting  pages 
could  ill  be  spared,  might  we  not  have  expected  a  fuller  account  of 
the  other  advances  that  have  recently  been  made  ?  Such  a  chapter 
niust  surely  be  incomplete  when  the  names  of  Bertelli,  the  founder 
of  microseismology,  of  d'Abbadve,  and  the  Darwins  are  not  so  much 
as  mentioned. 

The  rotation  of  oo\um\ia  ^\mxi^  wc«cvq^^«^  S&  vq.  vo.\5««^>«m^ 


Bepteira^'Ret/nolds^a  Oeological  Atlas.  523 

historical  problem,  and  M.  Fouqu^  adheres  to  the  original  explana- 
tion of  Mallet.  He  seems  (p.  55)  to  doubt  the  real  existence  of 
vorticose  shocks,  whereas  it  is  evident,  as  was  shown  some  years 
ago  in  this  Magazine  (Vol.  IX.  1882,  pp.  257-265),  that  such  shocks 
in  the  neighbourhood  of  the  epicentrum  are  a  necessary  consequence 
of  a  large  seismic  focus,  and  may  be  one  of  the  causes  of  the  rotatory 
movement  so  frequently  observed.  The  cause  suggested  by  Mr. 
Gray  is  probably,  however,  that  which  acts  most  widely  in  producing 
this  effect 

It  would  be  difficult,  within  reasonable  limits,  to  point  out  the 
many  excellences  of  Prof.  Fouqu6*s  book.  But  as,  in  this  country, 
it  will  probably  be  read  chiefly  as  a  supplement  to  that  written  by 
our  leader  in  seismology,  Prof.  Milne,  it  may  be  well  to  note  the 
passages  that,  in  this  view,  will  best  repay  perusal.  First  and  fore- 
most is  the  admirable  treatment  of  the  relations  between  earthquakes 
and  geological  structure,  the  evolutionary  aspect  of  the  science 
(pp.  9-30,  189-201).  Here  we  have  discussed  and  summarized  the 
work  of  Suess,  Hofer,  von  Lasaulx,  Hoernes  and  others,  as  well  as 
some  of  the  earlier  results  obtained  by  the  Swiss  Seismological 
Commission.  The  subject  of  seismic  periodicity  is  considered  with 
great  fullness  in  Chapter  x.  The  useful  list  of  questions  drawn  up 
by  Prof.  Heim  for  aid  in  the  study  of  earthquakes  is  reprinted  in 
Chapter  viii.  The  velocity  of  earth-waves  occupies  a  long  and 
interesting  chapter,  and  includes  an  account  of  the  valuable  experi- 
ments made  by  the  author  in  conjunction  with  M.  Levy.  Lastly, 
the  second  part  of  the  book  (pp.  249-326)  contains  a  description  of 
a  few  of  the  more  important  earthquakes  that  have  happened  between 
1854  and  1887. 

The  illustrations,  with  one  or  two  exceptions,  are  good ;  and 
among  them  may  specially  be  noticed  the  maps  of  the  Swiss  earth- 
quakes of  Nov.  1879— Dea  1880,  and  of  July  22,  1881,  the  Charles- 
ton earthquake  of  August  31,  1886,  and  the  Andalusian  earthquake 
of  Deo.  25,  1884. 

C.  Davison. 


y. — Kktnolds*8  Gbologioal  Atlas  of  Ohbat  BBrrAiy.  Com- 
prising a  series  of  County  Maps  geologically  coloured  from 
the  best  authorities.^    Second  Edition,  1889. 

ANY  book  which  calls  for  a  new  edition,  by  reason  of  its  intrinsic 
value,  is  worthy  of  notice.  A  new  edition  of  the  well- 
known  Geological  Atlas  of  Great  Britain,  published  by  Messrs. 
Beynolds  &  Sons,  174  Strand,  has  just  been  issued.  This  atlas 
comprises  32  county  maps  geologically  coloured  and  arranged 
alphabetically,  the  colours  depicting  the  varied  geological  features 
of  each  county  are  mainly  those  used  on  the  published  maps  of 
the  Geological  Survey. 

Every  county  is  carefully  coloured,  and  the  colours  numbered 

'  FubUBhed  by  James  Reynolds  &  Eohb,  \*I^  ^V.xviy^A^'^^* 
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aocording  to  the  legend  for  geological  referenoe  separately  giTen  at 
the  commencement  of  the  atlas,  of  which  there  are  30  diyigions. 
The  execution  of  the  maps  geologically  and  topographically  leavei 
little  to  he  desired ;  this  atlas,  in  fact,  forms  a  most  perfect  pocket 
travelling  companion,  combining  both  convenienoe  and  portability, 
with  clearness  and  accuracy ;  we  commend  this  work  to  all  travellen 
in  Great  Britain. 

Advantage  has  been  taken  of  the  advanced  state  of  the  Geological 
Survey  maps,  to  correct  and  re-draw  the  geological  lines,  and  depict 
the  solid  geology  as  accurately  as  possible.  The  want  of  a  new 
edition  of  this  atlas  has  long  been  felt  by  those  who  have  used  the 
first  one,  its  completeness  and  portability  for  ready  referenoe  either 
for  the  library  or  as  a  companion  in  the  field,  render  it  indispensable. 

Each  map  is  accompanied  by  a  small  skeleton  index  to  the 
numbered  and  published  sheets  {i  or  whole)  of  the  l-inch 
geological  maps  of  the  Survey,  and  the  divisional  lines  upon  each 
of  the  maps  of  the  atlas  also  correspond  to  the  area  occupied  by 
them,  lliis  enables  any  one  to  order  the  special  maps  of  the  Survey 
from  which  the  32  counties  in  the  atlas  have  been  constructed. 

Marginal  notes  are  appended  to  each  map,  denoting  the  places 
of  occurrence  of  the  more  important  organic  remains,  as  well  as 
of  the  economic  minerals  met  with  in  the  county.  Examination  of 
maps  8,  10  and  11,  or,  indeed,  any  others,  will  readily  show  the 
usefulness  and  value  of  these  notes  to  those  seeking  mineralogical, 
geological,  or  palaeontological  information. 

Twenty-three  pages  of  letterpress  (p.  1-23),  containing  short 
geological  descriptions  of  the  32  maps,  will  be  found  of  valae 
and  interest,  as  affording  a  short  description  of  the  structure  of 
each  county.  Pages  24-32  are  devoted  to  the  mineral  products  of 
Great  Britain,  their  distribution  and  value.  Agricultural  geology 
and  water  supply  receive  attention.  A  most  admirable  tourista* 
guide  of  10  pages,  giving  the  chief  places  of  interest,  finest  views 
and  scenery,  fisliing  stations  and  streams,  etc. ;  indeed,  in  relation 
to  each  of  the  32  counties,  matters  of  much  general  interest  and 
use  are  given. 

Probably  no  oilier  work  of  the  kind  will  so  readily  commend 
itself  to,  or  meet  the  requirements  of.  the  traveller  by  rail  or  road, 
and  the  construction  of  the  maps  will  satisfy  the  most  critical,  as 
fulfilling  the  purpose  for  which  they  are  published  as  an  atlas  of 
England  geologically  illustrated.  A  geological  map  of  Scotland 
accompanies  the  atlas ;  it  is  to  be  regretted  that  Messrs.  Reynolds 
&  Sons  did  not  prepare  an  equally  good  geological  map  of  Ireland  to 
accompany  it 

We  recommend  this  extremely  good  and  well-got-up  book  to  all 
who  desire  to  know  something  of  the  geological  structure  of  Great 
Britain. 
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OOLOUBED.      SOALE  ^-INOH  TO  THE   MlLE.^ 

THIS  will  prove  to  be  a  very  useful  Geological  Map  of  the  London 
area.  The  high  price  of  the  two  1-inch  maps  of  the  Geological 
Surrey  illustrating  the  same  district  deters  many  from  possessing 
a  reliable  map  of  the  complicated  geological  structure  of  the  London 
Basin.  This  map  issued  by  Messrs.  Eeynolds  &  Sons  quite  supplies 
the  want.  The  geological  lines  are  correctly  laid  down,  being  taken 
and  reduoed  from  the  larger  one-inch  Ordnance  Geological  Map. 

London  in  both  cases  is  placed  in  the  centre  of  the  sheet  [this 
was  expressly  arranged  in  the  Survey  map  for  the  convenience  of 
its  many  inhabitants].  The  two  maps  issued  by  the  Geological 
Survey  exhibit  two  important  features  over  the  London  area,  one 
showing  the  solid  geology  and  the  other  the  superficial  or  more 
modem  Post-Pliocene  accumulations;  this  is  partly  done  on  the 
map  before  us,  but  to  have  placed  all  the  Quaternary  sands,  gravels, 
and  clays  (as  depicted  on  the  Survey  map)  on  this  map  (on 
half  the  scale)  would  have  been  at  the  expense  of  clearness  of 
definition.  The  superficial  area  of  the  map  is  2280  square  miles 
or  60  miles  by  38.  London  being  in  the  centre,  gives  a  radius  of 
30  miles  east  and  west,  and  19  miles  north  and  south ;  concentric 
lines  four  miles  apart  denote  distance  in  miles  from  the  centre  of 
London.  The  east  and  west  of  the  country  illustrated  extends 
from  Long  Reach  east  of  Chatham  to  Laurence  Waltham  west  of 
Maidenhead.  Latitudinally  the  area  extends  from  Godalming, 
Guildford,  and  Tnnbridge  on  the  south,  to  St.  Albans  and  Chelmsford 
on  the  north.  The  area  covered  by  the  one-inch  Survey  map  is 
1144  square  miles  or  44  by  26  miles;  thus  Messrs.  Reynolds'  map 
contains  geological  information  over  1136  more  square  miles  than 
the  Government  sheet.  The  structural  or  physical  lines  are  care- 
fully laid  down  over  the  entire  map,  the  geological  epochs  shown  on 
the  map,  ranging  from  the  Weald  Clay  to  the  Post- Tertiary,  or  Post- 
Pliocene  beds  of  the  Thames  Valley,  etc.,  all  the  railways  are  well 
defined,  a  desideratum  for  scientific  as  well  as  ordinary  travellers, 
and  the  stations  are  prominently  marked. 

The  colours  illustrating  the  geological  formations  are  numbered 
to  correspond  with  the  legend,  thus  leaving  little  to  be  desired  as  a 
thoroughly  convenient  map  of  the  Environs  of  London  both  topo- 
graphically and  geologically  constructed. 

Thirty-three  pages  of  letterpress  accompany  the  map,  naming  and 
describing  no  less  than  152  places  of  interest  within  the  radius  of 
30  by  19  miles,  being  a  clear  and  general  history  of  the  more  remark- 
able places  in  the  counties  of  Middlesex,  Surrey,  and  Essex.  On 
p.  15  a  short  account  is  given  of  the  geology  of  the  London  area, 
tersely  explanatory  of  the  varied  geological  formations  that  occur 
within  the  area  depicted.  We  commend  this  map,  published  by 
Messrs.  Reynolds  &  Son,  to  all  residents  in  London  and  its  environs, 
also  to  travellers  and  geological  Btudenta. 

'  FnbUahed  by  James  Reynolds  &  fions,  U4,  %\x«si^>  \^^^- 
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Obituary  ^Charles  Spenee  Bate, 


BATE  OF  8nBA£RIAL  DENUDATION. 
Sir, — ^Roferring  to  Mr.  Davison's  paper  in  the  September  Nomherof 
the  Geological  Maoazins,  it  will  not  do,  as  I  have  endeavoared  to 
show  in  **  Stellar  Evolotion,"  to  take  the  average  rate  of  denadation 
of  the  seven  river  basins  which  he  names,  as  in  any  way  represent- 
ing the  mean  denudation  of  the  whole  earth.  The  majority  of  these 
rivers  are  exceptionally  mnddy,  indicating  a  very  high  rate  of 
denudation :  much  above  that  of  the  whole  earth. 

Pbrth.  Jamkb  Groll. 


THE  PULLERS  EARTH  OP  NUTFIELD. 

Erbatum. — Mr.  P.  Gerald  Sanford  regrets  that  some  mistakei 
occunned  in  the  setting  up  of  the  figures  of  his  analyns  of  the  ^  Fullers*  EartL" 
Obol.   Mao.  October,  1889,  p.  466,  which  he  denrei  now  to  oonect. 

No.  1.    Blub  Ea&th. 


Dried  at  100°  C 

Insoluble  Residue         b     69*96 
Oxide  of  iron,  FeaO,     «=       2*48' 
Alumina,  Al,03             =       3*46 
Lime  CaO                      =       6-87 
Magnesia,  MpO            =       1*41 
Phosphoric  acid,  P2O5  =       0-27 
Sulphuric  acid,  80s      =       0-05 
Sodio  Chloride,  KaCl    =       005 
Alkalies,  K2O                =       0*74 
Combined  Water           =     16* 67 

per  cent.   = 

Soluble 
in  acid. 

InfolQ 

rsio, 

AI2O3 
Fe,Oj 
CaO 
MgO 

[ble  Bendae. 

B     62-81  percent 
=       3-46     „ 
=       1-30     „ 
=       1-53     „ 
=       0-86     „ 

69-96 

99-86 

P.  G.  Sanford. 

C 

lBIO" 

:t7-a.jr:2^. 

CHARLES  SPENCE  BATE,  L.D.S.R.C.S.  Enql.,  F.R.S.,  etc. 

Born  16  March,  1818 ;  Died  29  July,  1889. 

Charles  Spence  Bate  was  bom  at  Trennick,  Truro,  on  the  16th 
March,  1818.  He  was  the  eldest  son  of  Mr.  Charles  Bate,  who  for 
many  years  practised  as  a  dentist  in  Plymouth.  He  was  educated 
at  the  Truro  Grammar  School  under  the  late  Dr.  Byall.  On  leaving 
school  he  entered  the  surgery  of  Mr.  Blewett,  where  he  remained 
about  two  years  ;  he  then  devoted  himself  to  the  study  and 
practice  of  dentistry  with  bis  father.  After  becoming  duly  qualified, 
he  removed,  in  1841,  to  Swansea,  where  he  soon  acquired  a  consider^ 
able  practice.  While  at  Swansea  he  developed  an  ardent  love  for 
Natural  History,  by  his  knowledge  of  which  he  afterwards  became 
distinguished.  He  was  speedily  associated  with  all  the  scientific 
men  of  the  place ;  and  on  the  occasion  of  the  visit  of  the  British 
Association  to  the  town  in  1848,  he  took  an  active  part  in  arranging 
for  the  reception  of  iWt  \iod^,  «ii^  Vi^wKoi^  qxj^^  of  its  members. 
On  more  than  one  occasion  axx^oaec^e^VX^  \\^  ^%& '^xwl^^t!^.  ^\  ^ssnr^^ 
the   Sections.     He  was  mavn\^   vcv^Xwime^iXai  Vo.  ws«t>s^^j,  •vi^^  -^csi^ 
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of  tbe  British  Ansooiation  to  Plymouth  in  1 877  ;  and  as  one  of  the 
Vice- Presidents  at  that  meeting,  he  oontribnted  largely  by  his  liberal 
exercise  of  hospitality  to  make  the  gathering  a  success. 

In  1851  Mr.  Spenoe  Bate  left  Swansea  and  returned  to  Plymouth, 
taking  up  his  residence  at  8,  Mulgrave  Place,  where  he  succeeded 
to  the  practice  of  his  father  as  a  dentist,  in  which  profession  he  was 
almost  unrivalled.  He  was  the  author  of  many  works  on  dentistry, 
which  appeared  separately,  or  in  the  *'  Lancet,"  the  "  British  Journal 
of  Dental  Science,"  and  the  "  Medical  Oazette,"  and  in  the  '*  Trans- 
actions of  the  Odontological  Society,"  to  the  Presidency  of  which 
he  was  elected  in  1855.  Two  years  previously  he  had  been  President 
of  the  British  Dental  Association.  In  1881  Mr.  Spence  Bate  was 
a  Vice-President  of  a  section  of  the  Medical  Congress.  He  was 
Honorary  Surgeon-Dentist  to  the  Plymouth  Dental  Dispensary  and 
other  local  institutions. 

Nor  was  it  only  in  dentistry  that  Mr.  Spence  Bate  became 
celebrated.  He  devoted  a  large  amount  of  time  to  the  investigation 
of  the  habits  of  marine  animals,  and,  in  conjunction  with  Mr.  I.  0. 
Weetwood,  was  the  author  of  a  most  important  work  on  the  "  British 
Sessile-eyed  Crustacea."  The  value  of  this  work  was  fully  recognized 
by  the  scientific  world,  and  for  this  and  other  Memoirs  on  the 
Crustacea,  Mr.  Bate  was  elected  a  Fellow  of  the  Hoyal  Society  in 
1861.  Other  works  by  him  on  the  same  subject  were  a  British 
Museum  ''  Catalogue  of  Amphipodous  Crustacea,"  and  a  "  Report  on 
the  Crustacea  Macrura,  collected  by  H.M.S.  'Challenger,*"  during 
the  cruise  of  that  Vessel  round  the  world.  This  last-named  work 
was  only  completed  a  year  ago,  and  forms  a  most  valuable  con- 
tribution to  caroinological  science. 

He  was  keenly  interested  in  all  scientific  matters  connected  with 
the  town  of  Plymouth  and  county  of  Devon,  and  earnestly  exerted 
himself  to  promote  their  progress  and  success,  llie  restoration  of 
the  Plymouth  Institution  to  its  present  healthy  activity,  after  a 
period  of  comparative  inertness,  must  be  mainly  ascribed  to  him. 

Elected  a  member  of  the  Institution  in  1852,  he  became  Secretary 
ia54-60.  President  in  1861-62  and  1869-70,  and  Member  of  Council 
1853-83.  He  served  as  Museum  Curator  at  different  times,  and  as 
Editor  of  the  Transactions  in  their  present  form  1869-83.  He 
delivered  no  fewer  than  thirty  lectures  and  Presidential  Addresses 
between  1853  and  1882  to  this  Institution. 

Mr.  Bate  was  one  of  the  founders  of  the  Devonshire  Association, 
and  during  the  first  year  of  its  existence  (1862)  was  Senior  General 
Secretary.  In  the  following  year  he  vacated  this  post,  having  been 
elected  to  the  office  of  President  of  the  Association.  He  delivered 
bis  Presidential  Address  at  the  Annual  Meeting  at  Plymouth  in  1863, 
and  qualified  as  a  permanent  member  of  the  Council.  He  was 
seldom  absent  from  the  annual  meetings,  and  never  ceased  to  take 
the  liveliest  interest  in  the  progress  of  the  Association.  Between 
1862  and  1873  he  contributed  eleven  papers  to  its  Proceedings. 

He  was  an  Honorary  Member  of  the  Torquay  Natural  History 
Society,  Honorary  Member  of  the  Teign  Naturalv&t.«.*  ¥v5\^Q,\x:&i,  ^k»Si. 
Honorary  Member  of  the  Bojs\  lTi«X\\.u\ioTi^^x\vT^« 
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Mr.  Spenoe  Bate  took  great  intereit  in  Art,  and  was  not  only 
a  promoter,  but  also  a  working  member  of  the  Plymouth  Fine  Art 
Society.  He  also  took  a  warm  part  in  the  Plymouth  School  of  Art, 
and  in  the  carrying  out  of  the  new  Art,  Scienoe  and  Technical  Schools 
alK)ut  to  be  erected  as  a  Jubilee  memorial  in  Plymouth. 

Mr.  Bate  naturally  felt  a  keen  interest  in  the  Marine  Biological 
Association,  and  was  very  active  and  energetic  in  promoting  the 
establishment  of  their  Marine  Biological  Laboratory  recently  erected 
at  the  Plymouth  CitadeL 

Some  years  since  be  purchased  a  country  residence,  called  the 
Bock,  at  South  Brent  There  he  died,  afler  a  brief  bat  painful 
illness,  on  Monday,  the  29th  July,  1869,  aged  71  years. 

Mr.  Bate  was  twice  married.  His  first  wife  was  Miss  Hele,  of 
Ashburton.  She  died  in  188-^.  His  second  wife,  to  whom  he  waa 
married  about  two  years  ago,  survives  him.  He  also  leaves  two 
sons,  one  of  them.  Captain  McGuire  Bate,  of  the  Boyal  Engineers; 
the  other.  Dr.  Hele  Bate,  of  London,  who  was  with  his  father 
throughout  his  last  illness ;  and  one  daughter.  Miss  Bate,  who  has 
inherited  much  of  her  father's  artistic  taste.  The  titles  of  52  papers 
by  Mr.  Spence  Bate  are  given  in  the  Catalogue  of  Scientific  Papers 
published  by  the  Koyal  Society,  vols.  i.  and  vii.  1867  and  1877. 

One  of  his  most  valuable  researches  was  published  in  the  Phil. 
Trans.  Roy.  Soc.  1858,  p.  589-606,  on  the  development  of  Cardnva 
moenaSf  but  his  **  Ciiallenger"  volume  was  his  last  and  greatest  labour. 

The  loss  of  one  possessed  of  such  varied  and  brilliant  taleuts 
cannot  fail  to  be  both  widely  and  severely  felt  amongst  meu  of 
science  generally  and  by  a  large  circle  of  friends  by  whom  he  was 
greatly  and  justly  esteemed. 

Tub  Island  of  Pahos,  in  the  Ctclades,  and  its  Marble  Quarries.* 

The  Isluud  of  Pnros  is  eleven  miles  long  and  eight  miles  broad  at  its  widei»t  part. 
There  is  a  broad  belt  of  nearly  level  land  round  the  coast ;  but  Die  interior  is  moun- 
tainous, rising  to  tt  height  of  2530  feet  at  Mount  St.  £lia8  (probablj  the  ancient 
Mount  Marpessus). 

The  northern  and  western  parts  consist  of  schist  and  gneiss,  granite  appearing 
also  in  the  environs  of  i^urekhia.  The  southern  part  of  the  island  consists  cliietly  oi 
crystalline  limestone.  There  is  no  evidence  here  of  the  age  of  this  limestone ;  but 
that  of  Attica  is  now  known  to  be  Cretaceous,  and  probably  that  of  the  Cyclades  is 
of  the  same  age.  The  finest  statuary  mtirble,  or  lychnitisy  varies  from  five  to 
fifteen  feet  in  thickness  at  the  quarries  of  St.  Minas  ;  it  occiurs  in  a  bed  of  coarse- 
grained white  marble,  with  bluish  black  veins.  The  coarse  marble  becomes  dark  in 
colour  near  the  lychnitis,  both  above  and  below  it,  and  thus  the  layer  of  statuary 
marble  is  diHtinctly  marked  off.  The  dark  colour  is  due  to  traces  of  binoxideof 
manganese  and  magnetic  oxide  of  iron.  It  seems  probable  that  the  impurities  hare 
bfen  withdrawn  from  the  lychnitis  and  have  become  concentrated  near  the  edges 
of  the  adjacent  seams  of  limestone. 

The  rocks  are  much  disturbtnl  and  folded,  and  often  dip  at  right  angles.  The 
ancients  avoided  the  marble  lying  near  the  axis  of  elevation,  that  wins  of  less  good 
quality  than  in  other  parts.  A  Greek  company  formed  a  few  years  back  to  work  the 
marble  attacked  it  here,  whore  it  could  be  got  at  least  expense ;  this  discredited  the 
m/irble  in  the  market,  and  the  company  failed^  having  spent  over  £160,000  in  a 
railway f  landing-pier,  and  eVaVwiuXA  ydl8\53^«l\\oi\.  q\  wcrvw^VwAA. 

There  is  a  ffood  deal  oi  exceWciit  coXoxixwl  Ta»x\iVi*\x^>iafe\^v»sA\\s^^\^^^ 
been  used  by^e  ancient Gr€ekB,l\i\&U\\\x\ftVTiQN«Ti.  ^^™^^^^Ks.,>^5iS., 

i  Fixmi  JBriUsh  A«ocUtlon  Reporxm,  E*.x:iou  C.  ^G*o\o«^,^^^^^^^-*^%>^^^^^^' 
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I. — NOTM  ON   THK   PoNZA.  ISLANDS, 
fiy  H.  J.  JoHNiTON-LATit,  M.D.,  B.-^-Sc,  F.G.S.,  etc. 

IN  1884  I  spent  about  a  fortnight  inrefltigating  the  geological 
Btmcture  of  these  islands,  and  intended  to  have  to  a  certain 
extent  completed  my  studies  at  that  time.  Cholera  was  then  raging 
at  Campobasso  on  the  mainland,  and  the  islanders,  not  comprehending 
the  curious  habits  of  a  travelling  geologist,  supposed  I  had  been  sent 
by  the  Gt>vemment  to  spread  the  **  Cholera  Powder,"  and  requested 
me  to  leave  the  islands  by  the  next  steamer.  This  I  naturally  for 
safety's  sake  did,  and  opportunities  for  returning  to  the  locality  not 
having  again  presented  themselves  to  me,  and  lest  I  should  forget 
some  of  the  interesting  observations  I  then  made,  1  think  it  desirable 
without  further  delay  to  record  what  I  then  saw.  This  is  all  the 
more  important  since  my  own  observations  differ  considerably  from 
those  of  the  few  other  observers  of  the  geology  of  these  islands,  or 
include  facts  which  they  do  not  mention  in  their  writings. 

Santo  Siefano  is  of  exceeding  interest  from  the  very  clear  sections 
which  its  steep  cliffs  near  the  Cemetery  present.    The  following 

are  the  details  of  the  section : 

M. 

(a)      Breccia  with  regetable  soil  and  modem  pottery  together  with  made 

vBjUI  ca«  ••«  ***  •••  •••  •••  ..■  •••  A    Ov 

{b)      Compact  brown  tola  with  weathered  pnmice,  probably  an  old  yegetable 

BOl*  ••*  ,, ,  ,, ,  •••  •••  •*•  ...  •••  •••         AOv 

(e)      Ditto,  hot  not  compact  and  containing  concretions,  especially  at  bottom, 

where  it  is  a  little  more  sandy 1*10 

{d)  Two  or  three  pnmice-bedi  with  intermediate  ash -beds  irregularly  inter- 
bedded  and  concretionary  along  fissures  2*20 

(r)       Dnst- bed  somewhat  irregularly  reposing  on  pnmice-bed  0*50 

(/)     Pumioe-bed,  the  lower  part  is  about  m.  0' 10      0*65 

Q)     Black  sand  or  lapillo  bed  finely  stratified ;  coarser  as  it  graduates  down 

iO  next     ...        ...        ...        ...        ...        ...        ...        ...        ••*     o  00 

(A)      Pumice  and  pumiceons  scoria        0*55 

'•)      Earth  buff  fine-bedded  pumice,  with  lapilU  ?      0*30 

J)     Loose  pnmice  and  lapilli 0*90 

k)     Yenr  fine  buff  dust,  finely  stratified,  containing  bits  of  pumice  and  is 

auo  concretionary  1*00 

(/}  Slightly  concretionary  dust-bed,  yellow  at  top,  pnrple-brown  at  bottom 
and  graduating  thence  into  fine  stratified  dust ;  the  yellow  bed  is  an 
old  Tegetable  soil  with  concretions  that  hare  formed  around  roots  and 
fills  in  the  eroded  surface  of  the  purple-brown  bed,  showing  weathering 

had  occurred  at  the  surface       1*78 

m)     Fine  lapilli  with  concretionary  bands       0*30 

fi)     Pumio6-bed ...        ...        ...        ...        ...        ...        ...        ...        ...     0*30 

o)      Fine  black  scoria 0*14 

p)    Fine  greenish -grey  dust  with  band  of  lapilli  at  bottom 0-28 

DBCADB  UL^TOL.  TZ. — KO,  XII.  *^V 
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{q)    Irregular  finely  (oocanonally)  Inrecckted  yellow  earth ;  pnbaUy  an  old 

concretioiuury  soil           ...        ...        ...        ...        ...        ...        ...  1*00 

(r)     Ochre-stained  pymice ;   the  upper  ten  centimotrea  are  leaa  itained,  hare 

laiger  fragments  with  pyroxene  crystals  and  ejected  blocka 0*90 

Brown  earth  with  concretions,  finer  at  the  top  and  paasin^  down  into  2*60 
Same  as  last,  liehter  in  colour  with  intermixed  pomioe  which  at  some 

spots  forms  a  hand         ...        ...        ...        ...        ...        ...        ...  1*0 

(m)    'Whit«' dust  not  concretionary       0'80 

(vi     Brown  pumice        ...        ...        ...        ...        ...        •..        ...        ...  0*25 

iK-i    Pumice  oed  with  lapilli  and  few  ejected  blocks 2*00 

X)    White  pnmiceoos  dust-bed 0'1$ 

(y)    Pumice-bed  with  light  buff  concretionary  dust-bed  in  middle    l*8i 

(c)    White  pumiceous  dust-bed Fl'50 

(£s)    Trachyte  forming  main  mass  of  the  island. 

The  main  body  of  the  island  is  composed  of  a  mass  of  trediyte 
which  seems  to  ha^e  oozed  forth  as  a  compoand  dome.  The  flow 
arraDjj^ment  resalting  from  this  is  well  shown  as  the  rook  exhibits 
a  distinct  pipemoid  structure.  Doelter  has  fully  described^  ibii 
rook  both  from  a  chemical  and  microscopical  point  of  view,  bat 
says  little  of  the  overlying  strata  of  pumioes,  lapilli,  dust  and  etrtL 
These  all  point  to  a  considerable  number  of  explosive  eruptioDS  in 
the  vicinity,  as  there  are  no  signs  of  a  crater  of  explosion  visible  on 
the  island  itself.  That  during  the  deposition  of  these  tuffs  the 
island  was  above  the  water  is  proved  by  the  numerous  vegetable 
soils,  roots  preserved  by  concretions,  surface  erosion,  etc.  That  the 
explosive  eruptions  extended  down  to  the  metamorphosed  limestones 
beneath  the  volcanic  platform  from  which  occurred  the  explosive 
eruptions  is  proved  by  the  few  ejected  blocks  met  with  in  the  tuffs. 
The  ejected  blocks  also  include  lava  fragments  like  the  underlying 
trachyte  and  the  dolerite  of  Yentotene,  but  most  interesting  is  a 
leucitophyre,  no  massive  remains  of  which  have  been  discovered  in 
the  islands.  The  latter,  nevertheless,  is  another  addition  to  the 
widely-distributed  localities  of  Italy  in  which  leucite  forms  an 
important  rock  constituent.  Loose  blocks  have  been  found  in  tuff 
at  Procida,  but  so  far  leucite  rocks  have  not  been  recognized  in 
Ischia  or  the  Ponza  group  of  islands. 

Ventotene  is  also  exceedingly  interesting,  as  the  continuous  cliff 
section  stretching  round  it  clearly  reveals  its  structure.  The  follow- 
ing is  a  compound  section  of  the  island,  beginning  from  the  most 
superficial  deposits : — 

M. 

(1)  Vegetable  soil,  rich  in  snail  shells  — 

(2)  Blown  sand  of  powdered  sea  shells  with  many  snails,  chiefly  H.  Cttntiantt. 

It  is  very  full  of  concretions  ...  4*00 

(3)  Brown  earth  with  concretions  especially  at  bottom,  often  with  bands  of 

blown  sand  ...         ...         ...         ...         ...         ...         ...         ...     7*00 

(4)  Compact  yellow  tuff,   used  for  carving  into  portable  furnaces,  passes 

down  to     ...         ...         ...         ...         ...         ...         ...         ...         4  to  7'00 

(5)  Compact  grey  dust  and  pumiceous  scoria  with  bands  of  loose  pumiceous 

scoria  in  the  middle         0-90 

(6)  Scoriaoeoiis  pumice  with  pieces  of  lignite  0-05 

(7)  Lapilli  consolidated  in  patches        0*20 

*  See  Doelter,  **  Carta  Reo\o\i>ca,  ^<i\\fe\wi\%"?wvt^P«\mwola  e  Zannone,*'  Eoma, 
1876. Memorie  per  serVite  aYLa  ^eawmQTifi  ^fi\v«bVl.«x\a.^^»Jtfj(^g«^  ^\\jii^ 

Parte  1» ,  1876. 
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rowniflh  red  dust  bed        ...        0*25 

rnnioe  bed  decomposed  at  bottom  1*00 

UU   ooU    vt?U     •••  ■••  •••  •••  •••  •«•  ••■  •••  •••  vxw 

amice  bed.    Tbe  pumice  often  compact  from  calcareous  infiltration    ...  1*10 

tratijfied  pumiceous  dust,  red  at  top         0*66 

igbtly  decomposed  pumice  bed 0*90 

inely  stratified  black  dust  graduating  down  into            0*60 

amice  and  lapillo    ...                   ...        ...        ...        ...        ...        ...  1*80 

ime,  but  witn  many  fine  asb  bands  and  more  compact 0*60 

rey  pumice  and  lapillo      1*60 

ine  and  coarse  buff-grey  stratified  dust,  witb  pumioe  at  bottom.    It  is 

compact,  pisolitic.  and  concretionary     4*80 

rownish  eartb,  with  scoria  and  pumice,  a  yery  irregular  bed 1*20 

inely  stratified  greenish  dust        1*60 

imice  and  lapilli,  mostly  fine        1*00 

inely  stratified  buff  dust 1*60 

imioe  and  lapillo  bed,  fine,  but  more  so  aboTO 1*00 

ratified  buff-^y  dust,  coarser  in  stripes  with  bits  of  pumioe 1*60 

imice>bed,  with  thin  ash  bands  and  finer  in  upper  hall            1*13 

)n€retionary  bed  of  ash    ...        ...        ...        ...        ...        ...        ...  1*10 

ara  and  scoria  intercalated  in  tufas  at  south-east  angle  of  the  island. 

Maximum  height  20*00 

ed  earth  with  pumice  and  small  laTa  fragments 0*66 

and  of  decomposed  pumice,  finely  bedded          0*16 

ine  red  earth  with  eoncretions      2*00 

amiee-bed  with  ash  bands 1*80 

reccia,  ash  dust,  with  pumice,  banded,  probably  part  of  last 0*36 

umice-bed  passing  up  into  red  dust  at  top          0*96 

ed  earthy  breccia,  stratified  with  scoria  rragments        2*30 

oleritic  laTas. 

tratified  lapilli  and  dust,  red  at  top,  possibly  marine 3*00 

rown  and  yellow  scoria     oyer  6*00 

ta-loTel 

ronid  be  oat  of  place  here  to  go  into  all  the  details  of  each 
.te  deposit  I  shall  therefore  simply  point  out  the  general 
isions  to  which  I  have  been  led  from  their  examination. 
I  earliest  deposits  visible  are  brown,  yellow,  and  red  scoria, 
,  and  dust,  presenting  characters  which  indicate  that  they 
basic  essential  ejectamenta  from  a  cone  in  a  state  of  activity, 
alike  some  of  the  more  active  phases  of  Vesuvius.    This  cone 

to  have  been  situated  somewhere  west  of  the  south  end  or 
pa  west-north-west  of  the  island,  as  this   point  shows   the 

deposits  at  the  highest  level,  and  represents  parts  of  the 
of  that  cone.  Also  the  valleys,  if  such  they  may  be  called, 
B  from  such  a  theoretical  point. 

«e  deposits  were  followed  by  a  great  and  continuous  outflow 
critic  lavas  forming  the  base  of  the  southern  prominence  of  the 
.  They  have  been  studied  microscopically  and  chemically  by 
)r.  A  field  study  shows  them  to  have  been  poured  out  almost 
ually  without  the  intermission  of  extrusive  action,  as  practically 
igmentary  materials  separate  the  different  streams.     In  many 

they  show  beautifully  corded  surfaces  which  would  indicate 
poverty  in  dissolved  water  at  the  time  of   their  issue,  the 
mena  of  which  must  have  much  resembled  the  eru^tioii  <^€ 
at  Veauviaa.     The  existence  of  the  \&\aii^  ^er^ii^  mY^w-"*^^ 
oe  of  these  lavas  extending  below  tiie  %ixtifiy(^  oi  ^^  ^^Ria^  ^s^^ 
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TMutitig  Ibe  powerful  uiroooo  bieaken.  It  weema  to  me  thatUicM 
lavaa  iuaed  b;  some  lateral  fiHore  in  the  old  oone,  ud  piled  them- 
ralvae  ap  at  this  paint,  jost  as  man;  of  the  emptioQS  of  lava  of 
VesuTiuB  ma;  have  been  obaerved  to  do  dniing  the  lut  tm  ;e«n^ 
joBt  resembling  in  fact  the  ;^tt«ring  of  a  candle. 

The  Toloano  then  seems  to  have  remained  inaotiTe  ibr  Hme  tima 
during  the  deposition  of  (S4),  bat  during  that  inaotirit;  at  tbs 
pnrfaoe,  the  magma  immediately  below  was  gndnally  sssimilitJDg 
water,  or  in  other  words  rising  in  elastio  tension.  This  eventuiJl; 
overcame  the  overljing  obstructions,  and  a  aeries  of  exploiin 
srnptions  followed,  interrupted  by  periods  of  repose  {34r-28j. 
Whether  these  explosions  drilled  out  a  great  crater  or  craters  in  th« 
old  cone,  or  were  at  some  distance,  is  not  possible  of  determinslioQ ; 
bnt  it  is  not  improbable  that  the  ruin  of  the  dolerite  oone  had  b«en 
m  part  brought  about. 

Bed  (28)  seems  to  show  that  repose  did  not  follow  the  last  of  tha 
explosions,  bnt  that  the  eruptiTe  action  continned,  and  as  a  oon- 
sequenoe  dwindled  into  a  state  of  obronio  activity,  probably  repairing 
in  part  or  wholly,  the  old  cone,  during  which  time  fine  ash  mi 
laptUi,  now  red  clay  and  lapilli,  covered  the  surface  (26).  At  mt 
rate,  a  dyke  forced  its  way  to  the  surface,  and  gave  rise  to  s  emnll 
scoria  cone,  from  which  one  or  more  lava  streams  poured  forth. 
This  scoria  cone  is  seen  on  both  aides  of  the  island,  and  I  give  io 
Figs.  1  and  2  its  relative  position  to  the  pumioe-beds  and  the  old 
lavss.  Fig.  3  is  a  diagram  lowing  how  it  is  probably  out  by  tbe 
present  cli£ 


r  A  VoiCAUic  Com  akd  Tcr»«  P 
Olive  at  Ibijind  op  Tbstotbse. 
SS.  Bubmuine  reefs  of  imyfr^loid  lavs. 
34-28.  Pumice  and  other  eiploeiTe  eniptiTe  pcodncls. 
2T<  Doleritic  scoria  and  laTse  formiog  a  101111  lolcauic  cone. 
«.  Dyke  which  probably  lupplied  mme. 
26-S.  Cpper  pinirice  ani  oftat  er^wCTft  <sni^&w^|md5»,*», 
7-4.  Compact  tafa. 
S-1.  Vq^etablB  BOil,  Uom  aan^  tit.. 
»,  t.  B«a-lmel- 
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Fio.  2. — Sicnoir  of  Latas,  Tuffs,  Pumicbs,  aitd  ▲  small  Yolcanio  Conb 

BBTWBlQf  **  II  TiLBO&AFO  "  AWD  THI  "  TbSBA  AbBANDOXTA,'*  YbICTOTENB. 

«,  b,  Sea-lerel. 

37-36.  Scoria,  dust,  etc 

35.  Doleritic  laTss  (lower). 

34-28.  Lower  pumices  and  other  ezplosiTe  eniptiTe  products. 

27.  Doleritic  (upper)  scoria  forming  section  of  toe  of  small  Tolcanic  eona. 

26-8.  Upper  pumices  and  other  explodye  eruptiye  products. 


Fio.  8.— Diagram  of  tki  Sicnoxs  of  a  Volcanic  Cone  sbin  in  Cliffs  of 

YsNToraNB. 

s.  Toe ;  b.  rim  and^.  rent ;  x.  and  y.  parts  remored ;  d,  d.  North-west  and  «,  e,  S.E. 

coast-lines. 

With  (25)  reoommenoed  a  series  of  explosive  eruptions  (25-8), 
which  oulminated  in  a  gigantic  one  represented  by  the  di£ferent 
pumices,  scoriaceous  pumices  and  tu£fs  (7-4).  Of  course  it  is 
impossible  to  say  at  what  point  all  these  pumice  and  dust  deposits 
were  erupted,  and  it  is  not  improbable  that  t\\e^  'w^t^  ^^tvn^Vc^ts^ 
different  eruptive  centres.     The  last  aeema  lo  \^^^\)^^t^^^^  "^^^^ 


534         Dr.  H.  J.  John8ion^Laeis—I%e  Ponxa  lOandM. 

at  hand,  for  at  Yentotene  it  attains  a  thickneas  of  10  m.  or  more  and 
IB  distinctly  if  at  all  represented  at  Santo  Stefana  It  is  probably  bj 
this  eruption  that  the  greatest  destruotion  was  wrought  in  the  old 
cone,  and  that  the  crater  apex  extended  down  into  the  subjaoent 
metamorphosed  rocks.  In  fact,  the  explosiye  prodaots  at  Santo  Steftno 
are  generally  smaller  and  finer  than  at  Yentotene,  and  seem  therefcne 
to  have  been  derived  from  a  centre  or  centres  nearer  the  lato 
island.^  A  grave  error  has  crept  into  Prof.  Jadd's  "  Yolcanoes," 
where  the  lavas  are  represented  as  a  stratum  covering  the  tafib  of 
the  island,  instead  of  the  reverse. 

These  different  pumice  deposits  are  chiefly  derived  from  a  baric 
magma,  probably  having  the  same  composition  as  the  doleritio 
lavas  of  Uie  island.  Of  far  greater  interest  from  a  physical  point 
of  view  is  the  regular  sequence  of  the  different  ejeotamenta  in  each 
explosive  eruption,  which  I  first  pointed  out  at  Yesuvius,  and  have 
confirmed  in  a  very  large  number  of  volcanic  deposits.  In  each  we 
find  comparatively  vitreous  pumice  at  the  bottom  followed  by  mioto- 
crystalline  pumice  or  scoriaceous  pumice,  and  finally  a  dust  bed. 
Whilst  the  divisions  show  a  rapid  increase  of  extratelluric  "  formed 
material "  as  the  eruption  progressed,  the  iutratellurio  minerals  have 
not  increased  in  number,  the  whole  oonfinning  the  conclusion  that 
the  hydration  of  the  igneous  magma  was  limited  to  near  the  earth^s 
surface.' 

The  blown  sand  already  mentioned  consisted  of  a  mixture  of 
augite  and  other  mineral  grains  with  shell  fragments  and  foraminifera. 
It  must  have  been  carried  up  on  the  slopes  of  the  island  by  the 
wind  from  an  old  beach  probably  formed  on  the  extensions  of  the 
last  great  tuff  deposit,  but  now  cut  away.  By  percolation  of 
carbonated  waters,  nearly  all  the  subjacent  rocks  have  been 
permeated  and  often  cemented  together  or  filled  by  oalcareoos 
concretions.  We  find  the  lavas  near  the  sea-level  also  become 
amygdaloidal  by  the  presence  of  tufts  of  aragonite  crystals  in  the 
vesicles. 

Yery  interesting  is  the  presence  of  irregular  compact  white 
amorphous  concretions,  often  attaining  a  weight  of  50  or  more 
grammes,  and  composed  of  almost  pure  magnesite.  These  are 
included  in  and  between  the  masses  of  scoria  of  the  buried  cone  of 
eruption.  They  are  probably  due  to  emanations  at  and  subsequent 
to  the  eruption.  I  have  noticed  very  similar  ones  in  a  vesicular 
doleritio  lava  of  the  east  coast  of  Yulcano. 

The  next  point  to  which  I  wish  to  draw  the  attention  of  geologists 
is  the  remarkable  evidence  of  elevation  to  be  seen  in  the  island  of 
Palmarola,  which  seems  to  have  escaped  the  notice  of  recent  visitors. 
In  the  middle  of  the  island  is  a  depression  somewhat  in  the  form 
of  an  amphitheatre,  open  to  the  west  and  shelving  down  to  the  small 

^  The  quantity  of  these  ezplosiTe  ejectamenta  is  snch  that  the  Moria  eoae  vis 
eotirelj  hurled  in  them,  so  that  its  existence  is  only  known  by  the  exposures  in  tba 
cUS  sections.    See  i'lgs.  1  and  %. 

•  Q.  J.O.  S.  1884  and  ^oc.  U.  Ii\WCm  ^Q«i«  ^^V^.'ixJs^A'^^^x  ^v«..^;i!«^ 
Asioo.  ToL  ix« 
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beach.  On  the  east  ooast  this  depression  is,  so  far  as  my  memory 
gv>e8,  at  least  seven  metres  high,  and  lies  to  the  side  of  the  Forcina 
dyke.  It  seems  dependent  upon  the  clay  through  which  the  dyke 
was  injected  being  easily  subject  to  erosion.  This  deposit  looks  much 
like  a  Pliocene  clay,  but  my  hurried  and  forced  departure  from  the 
island  prevented  me  from  more  fully  investigating  it,  as  also  the  actual 
height  above  sea-level  of  the  lowest  edge  of  the  breach.  Dolomieu, 
who  visited  the  Ponza  Islands  in  March  of  1786,^  says :  "Cette  He 
(Palmarole)  est  divis6e  en  deux  parties  presque  egales  par  un  canal 
etroit  qui  la  traverse  vers  la  moiti^  de  sa  longueur,  et  dans  lequel  on 
passe  en  barque."  Besides  this  clear  statement  he  gives  a  map  of 
the  island  showing  the  canal  in  the  position  of  the  amphitheatre 
depression,  and  the  lowest  breach  in  the  east  coast-line.  At 
present  the  lowest  part  of  this  depression  I  noticed  strewed  with 
boulders  covered  with  Serpula  and  other  marine  growths,  looking 
quite  fresh,  but  above  sea-level.  We  have  evidence  here  of  a  very 
striking  kind,  of  a  very  considerable  elevation  during  a  period  of 
little  less  than  a  century — as  important  I  believe  as  any  recorded. 
I  regret  that  I  did  not  make  more  detailed  observations,  but  the  un- 
fortunate oiroum stances  which  caused  my  departure,  together  with  the 
fact  that  it  was  only  after  my  return  that  on  looking  at  Dolomieu's 
map,  the  fact  struck  me.  I  hope,  however,  to  carefully  investigate  the 
matter  next  summer,  so  as  to  make  public  such  an  important  piece 
of  geodynamical  evidence.  Of  course  we  have  other  prehistoric 
evidences  of  elevation  in  abundance  in  these  islands,  and  one  in 
particular  that  struck  me,  namely,  the  occurrence  of  beds  of  well- 
rounded  pebbles  half-way  up  the  cli£f  of  Monte  della  Guardia  at 
Ponssa.  But  the  elevation  of  an  island  from  5  to  10  metres  or  more 
in  a  century  would  be  of  inestimable  value  as  a  cardinal  fact  in 
geologj,  if  fully  confirmed. 


II. — TSBBESTBIAL    MAGNETISM  AS  MODIFIED   BY  THE  StRUOTUBE   OF 

THE  Earth's  Crust,  and  Proposals  Gonoerming  a  Magnetic 
Survey  of  the  Olobe. 

By  Dr.  Edmttnd  Naumann. 
{CoMluded  from  the  November  Number ^  p.  490.) 

[PLATES    XV.-XIX.] 

TWILL  now  put  forward  some  details,  for  it  seems  necessary 
that  some  proofs  of  what  has  been  maintained  in  general 
should  be  given,  and  I  shall  therefore  quote  some  examples  of  the 
intimate  connexion  between  earth-structure  and  terrestrial  magnetism. 
No  diagrams  could  indicate  the  relations  better  than  Locke's  Magnetic 
Sections  across  the  Hudson,  which  were  taken  at  three  different 
points  of  the  Palisades,  Snake  Hill,  Fort  Lee  and  Patterson  (see 
Plate  XV.).  The  dip  and  intensity  were  in  each  case  determined  at 
a  number  of  points  along  a  line  perpendioulax  to  the  ran^e  of  Qllffa^ 

^  lies  Poaces,  17&S,  p.  U^. 
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and  the  curves  rise  very  suddenly  to  maxima  just  above  the  edges 
of  the  oliffs,  which  are  composed  of  columnar  diorite.  This  diorite 
is  widely  distrihuted  and  lies  between  masses  of  Triaasic  sandstone ; 
the  dip  is  slight  and  towards  the  west.  On  the  east  side  of  the  difii 
Laurentian  gneisses  are  exposed.  The  dose  proximity  of  formation 
so  far  apart  in  age  must  be  caused  by  a  great  fault,  and  the  perpendi- 
cular dislocation  amounts  at  least  to  some  thousands  of  feet  In 
Locke's  opinion  the  very  sudden  rise  and  fall  of  the  magnetic  contei 
are  due  to  the  columns  of  diorite  being  magnetised  by  terrestrisl 
induction,  but  I  think  there  can  be  no  doubt  that  the  great  fissure 
is  the  chief  cause  of  the  sudden  changes. 

Another  beautiful  example  is  afforded  by  Nipher's  "Magnetio 
Survey  of  the  State  of  Missouri."^  The  isogonio  line  of  7""  3y 
describes  a  loop,  in  the  centre  of  which  lies  the  Pilot  Knob,  a  hill 
662  ft  high,  and  composed  of  porphyry,  porphyry  conglomerate,  and 
layers  of  hard  red  sandstone.  To  the  east  is  the  knob  connected 
with  other  porphyry  hills.  If  we  remember  that  the  Pilot  Knob  can 
be  nothing  but  an  old  volcano,  whose  subterranean  oore  passes  to 
great  depths,  we  can  well  imagine  how  the  hearthlike  eruption  may 
deflect  electric  currents  from  their  direct  track,  and  cause  irregu- 
larities in  the  magnetic  elements. 

Marvellous  coincidences  between  magnetic  curves  and  lines  of 
great  geological  disturbance  are  met  with  in  Asia.  It  seems  as 
if  the  Himalayan  range  exerted  some  controlling  influence  over 
the  isogenic  lines;  some  of  these  follow  the  direction  of  the 
mountain  chains,  and  the  way  in  which  the  2°  SCX  and  3°  curves 
go  high  up  the  Brahmaputra  valley  and  then  turn  back  to  the 
S.W.  is  very  striking  (see  Plate  XVI.).  Rijckevorsel,  the  well- 
known  surveyor  of  the  Indian  Archipelago,  speaking  on  this 
subject,  says,  that  ''  It  is  as  if  the  land  had  some  power  of  coercion 
over  the  isogonio  lines."'  I  venture  to  submit  that  it  is  not  the 
land  which  exerts  this  influence,  but  the  great  longitudinal  ruptures 
indicated  by  the  submerged  mountain  range.  It  may  be  that  in 
a  great  portion  of  Asia  the  isogones  coincide  with  lines  of  great 
geological  displacement 

Another  illustration  in  support  of  our  theory  may  be  taken  in 
Europe.  The  district  between  the  Carpathian  Mountains  and  the 
Transylvanian  <*  Erzgebirge  *'  forms  an  almost  circular  basin ;  this 
region  was  surveyed  by  Ereil  about  forty  years  ago,  and  by  Schenzel 
in  1875-76.'  During  the  interval  the  isogones  have  (of  course) 
changed  their  position,  but  still  the  two  maps,  one  for  the  period 

^  Nipher,  F.,  Magnetic  Survey  of  Missouri.  Fifth  Annual  Report,  Trans.  St. 
Louis  Ac,  Tol.  iv.  No  3,  p.  616.  Chart  of  the  Magnetic  Variation  in  Missouri,  St 
Louis,  1880.  Sold  at  Robert  Beneck's,  St.  Louis.  Chart  of  the  Magnetic  Variation 
in  Missouri  (photonnph  of  a  plaster  chart),  St.  Louis,  1881. 

'  HijckeTorsel,  Report  to  His  Excellency  the  Minister  of  the  Colonies  on  i 
Magnetic  Surrey  of  the  Indian  Archipelago,  made  in  the  years  1874-1877.  Amster- 
dam, 1879. 

*  Schenzel,  Beitrage  zut  "BLenTiWxwa  ^ct  xoSkigiv^^Ocvw^'^  e^vJ^VcMsfc  ywi  ^^aLdaetlicben 
ITiigam,  Kepert.  f .  ExpenmeiiliV  Y\v^«^,  i.  ^^«^«\  '1«53wk^^  \,  \BaiCio..  >a.,>s&i3M^. 
Instrumentenkunde,  HerauBgeg.  N,Cw\,l^\«^^«^A'*^Vi,^a^."i^iXV,^,Y^^, 
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•  of  Kreil's  observation^  the  other  for  the  later  epoob,  show  a  most 
remarkable  similarity.  To  the  east,  the  isogonic  lines  are  parallel 
to  the  Carpathians,  and  they  tarn  round  near  Eronstadt  and 
Fogarascb,  just  as  the  Transyivanian  Alps  do.  The  centre  of  Tran- 
sylvania is  traversed  by  a  loop.  We  thus  see  that  the  isogones 
present  a  thoroughly  natural  form,  and  that  their  oharacteristio 
features  remain  unaltered,  notwithstanding  the  secular  changes  of 
magnetism.     This  is  certainly  a  very  important  result 

A  considerable  number  of  other  illustrations  might  be  quoted,  but 
I  am  afraid  of  digressing  too  far,  and  must  refer  those  who  take 
a  special  interest  in  the  matter  to  the  above-mentioned  paper,  in 
which  a  discussion  of  all  the  magnetic  surveys  hitherto  accomplished 
will  be  found.  Many  pages  of  it  are  devoted  to  the  results  of  the 
Magnetic  and  Geological  Survey  of  Japan,  carried  out  under  ray 
direction  during  the  years  1880-85.  Those  results  are  of  special 
importance  to  our  subject,  and  I  may  therefore  be  allowed  to  submit 
some  observations  which  have  come  under  my  own  experience. 
There  is  a  most  remarkable  correspondence  between  the  lines  of 
equal  declination  and  the  principal  lines  of  geological  structure. 
In  general  the  magnetic  lines  exhibit  striking  and  unexpected 
irregularities,  and  these  irregularities  are  found  to  be  most  intimately 
connected  with  the  abnormal  curvatures  of  the  folds.  The  serious 
discussion  which  followed  the  reading  of  a  paper  of  mine  before  the 
Seismological  Society  of  Japan  in  1882^  showed  how  far  these 
irregularities  were  unexpected.  For  my  own  part  I  was  convinced 
from  the  very  beginning  of  the  Geological  Survey,  at  a  time  when 
the  magnetic  data  were  still  scanty,  that  there  must  be  some  connection 
between  the  phenomena  caused  by  terrestrial  magnetic  force  and  the 
internal  condition  of  the  earth's  crust  or  of  the  earth  itself.  With 
this  point  in  view  the  magnetic  investigations  were  commenced. 
In  a  comparatively  short  time  the  general  magnetic  survey,  com- 
prising no  less  than  200  complete  observations  at  a  like  number 
of  stations,  was  accomplished  by  Mr.  Sekino,  one  of  my  former 
topographical  assistants.  The  results  are  very  satisfactory.  It  will 
be  observed  that  the  course  of  magnetic  lines  are  influenced  by  the 
great  transverse  cleft  called  Fossa  Magna  (see  Plate  XIX.).  This  is 
a  great  depression,  cleft,  or  fissure,  running  from  the  Pacific  to 
the  Japan  Sea,  in  which  a  number  of  volcanoes  have  sprung  up. 
Fujinoyame,  for  instance,  the  highest  mountain  of  the  Japanese 
Archipelago,  is  situated  in  this  cross  fissure.  The  Japanese  chain 
consists  of  a  long  series  of  folds,  running  as  a  rule  in  the  same 
direction  as  the  island  chain  itself,  but  in  the  neighbourhood  of  the 
Fossa  Magna  these  folds  (which  were  probably  raised  by  a  force 
acting  from  the  continent  towards  the  Pacific)  turn  back  as  if  they 
had  been  stopped  by  the  great  wedge  of  eruptive  rocks  lying  below 
the  Fossa  Magna.  In  Mr.  Sekino's  Magnetic  Map  (Plates  XVIII.  and 
XIX.)  the  5°  isogone  will  be  seen  to  eircurasoribe  the  Fossa  Magna,  fur 
in  that  vicinity  the  curve  forms  a  great  wave  whose  crest  is  upturned 

^  Note§  on  Secular  Changes  of  Magnetic  Dec\iiia\\oTi  Va.  ^«^«sl,'^^  ^«  ^^  "^^ 
Trana,  Bekm.  8oc.  of  Japan. 
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towards  the  Japan  Sea.  This  eaire,  therefore,  exhibits  the  mne  • 
features  as  the  axial  line  of  the  folds,  and  to  a  certain  extent  the 
isogones  and  the  fold  lines  ooincida  In  a  paper  published  in  tbe 
Proceedings  of  the  Royal  Geographioal  Society,^  containing  a  some- 
what  fuller  account  of  the  geology  of  Japan  and  of  the  distribution 
of  magnetism  in  that  country,  I  have  said:  "These  results  opea 
out  an  entirely  new  field  of  research,  and  I  hope  that  they  may 
be  an  inducement  to  a  continuation  of  similar  inyestigationa,  lo 
that  some  light  may  be  thrown  upon  those  still  very  obscure  pages 
relating  to  tiie  causes  of  magnetism  and  to  the  internal  condition  of 
the  earth." 

Since  the  pnblication  of  the  aboye-mentioned  memoir,  letters  of 
approval  have  been  received  from  many  well-known  authorities,  and 
a  number  of  reviews,  by  no  means  unfavonrable,  have  appeared. 
But  in  some  cases  I  have  been  entirely  misunderstood,  and  quite 
recently  a  violent  attack  has  been  made  by  Dr.  Cargill  O.  Knott,  of 
Tokio.'  He  says,  that  an  inspection  of  the  results  of  Sekino's 
survey,  carried  out  under  my  direction,  convinced  him  that  it  would 
be  unsafe  to  deduce  from  them  any  definite  conclusion  as  to  the 
general  magnetic  characteristics  of  Japan,  and  to  him  it  appeared 
**  that  the  thing  to  be  desired  was  a  new  survey,  which  might  be 
called  a  preliminary  survey  of  all  Japan."  These  remarks  tend  to 
de])reciate  Mr.  Sekino's  observations,  and  are  accompanied  by  several 
unfounded  accusations,  llie  latter  I  hope  to  prove  unjustified  by 
stating  a  number  of  facts,  and  as  evidence  that  Mr.  Sekino's  survey 
is  not  to  be  despised,  I  have  prepared  several  maps  as  follows : 

Plate  XVIII.  is  a  combination  of  Mr.  Sekino*s  and  Dr.  Knott's 
maps,  from  which  it  will  be  seen  that  there  is  no  essential  difference 
between  the  lines  obtained  by  the  two  observers.  If  they  do  not 
exactly  coincide,  it  must  be  borne  in  mind  that  the  two  maps  relate 
to  different  epochs  (Sekino,  1882-83;  Knott,  1887),  separated  by 
four  or  five  years.  In  discussing  the  question  of  secular  change, 
Dr.  Knott  ignores  the  fact  that  the  rate  of  change  varies  with  time 
and  locality^  hence  his  method  of  comparison  is  unsatisfactory,  and 
average  differences  are  not  allowed.  Apart  from  adverse  statements, 
I  do  not  hesitate  to  welcome  Dr.  Knott's  work,  for  his  map  is  a 
good  check  on  Mr.  Sekino's  observations,  and  shows  that  Sekino's 
survey  can  stand  as  a  Preliminary  Survey  of  Japan. 

Plate  XYII.  is  a  combination  of  Dr.  Knott's  map  with  my  Tectonic 
Map  of  Japan.  Speaking  of  his  own  map  Dr.  Knott  says  that  *'  two 
regions  are  to  be  noted  as  presenting  magnetic  irregularities ;  one  is 
the  great  mountainous  region  about  the  Fossa  Magna,  and  the  other 
is  between  the  38th  and  40th  parallels.  I  quite  agree  with  Dr. 
Knott  even  as  regards  the  irregularities  of  Northern  Honshin.  They 
are  mentioned  in  my  paper  on  the  Greology  of  Japan,  in  which  I 

1  The  Pbyflical  Geograpby  of  Japan,  Proc.R.G.S.  Feb.  1887. 

•  Cargill  G.  Knott,  D.Sc  (Edin.),  F.R.S.E.,  Profeasor  and  Aikitsu  Tanakadote 
Trofeif^OT  of  Physics,  Imp.  TjiiWemV^  ol  ^w^wo.,  K  >^«l^^^  ^qt^w^  ^<  «Xl  Jamn, 
carried  out  by  Order  oi  tYie  PresidwaX  ol  Vii^  Im^.^iTivieresJG^^  ^wom^  ^V  "^^^  ^^^^ 
of  Science,  Imp.  Univemty  Japan,  no\.  Si.  ^C^^m.'^^'*^^.^^'^- 
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make  the  following  remarks  :  A  kind  of  break  of  the  isogone  oocurs 
between  Sado  and  Sendai.  This  must  be  of  special  interest,  as  a 
geological  dislocation  line  runs  across  Japan  in  this  region.  The 
irregularities  are  also  referred  to  in  a  later  pamphlet  on  magnetism. 
As  regards  Dr.  Knotfs  curves — although  some  details  of  declination 
may  be  questioned — I  think  they  are  a  sufficient  proof  that  the  distri- 
bution of  magnetism  bears  some  relation  to  the  great  lines  of  geological 
structure.^ 

When  I  undertook  the  Geological  Survey  of  Japan,  of  which  the 
magnetic  survey  was  part,  the  steps  taken  were  guided  by  previous 
experience. 

The  bulk  of  mariner's  observations  were  gone  through,  and  Ino*B 
field  books  and  maps  consulted  for  compass-measurements.  These 
studies  enabled  me  to  select  the  stations  at  which  Mr.  Sekino's 
observations  were  subsequently  taken,  in  accordance  with  a  definite 
scheme. 

The  Sado  sinuation  is  roughly  indicated  on  a  small  map  published  in 
1882,  and  from  my  magneto-tectonic  map  (Plate  XIX.)  it  will  be  seen 
that  the  selected  stations  keep  fairly  close  to  the  ascertained  magnetic 
curves.  These  facts  are  sufBcient  to  show  that  the  arrangement  of 
stations  was  made  with  the  utmost  care.  I  am  afraid  that  Dr. 
Knott's  stations  were  not  distributed  so  judiciously.  It  is  greatly 
to  be  regretted  that  the  second  magnetic  survey  of  Japan  was 
carried  out  so  independently,  and  without  the  valuable  hints  which 
might  have  been  derived  from  previous  investigations.  Not  even 
the  field  books  of  the  G^logical  Survey  were  consulted.  These 
books  contain  sketches  by  which  the  exact  position  of  every  station 
can  be  easily  determined,  and  in  accordance  with  the  practice  of 
Lament  the  topographical  data  necessary  for  the  redetermination 
of  the  places  of  observation  were  ascertained,  in  order  that  future 
observers  might  work  on  the  same  spots. 

From  the  memoir  on  the  second  Magnetic  Survey  of  all  Japan 
we  learn  that  of  the  81  stations  taken  27  can  be  regarded  as 
coincident  with  stations  of  the  previous  survey.  A  few  of  these  are 
only  roughly  coincident  I  should  digress  too  far  by  stating  fully 
the  reasons  why  I  determined  that  the  stations  should  be  on  the 
route  followed  by  Messrs.  Sekino  and  Eodari ;  it  is  sufBcient  to  say 
that  the  test  offered  by  the  second  Magnetic  Survey  justifies  their 
distribution.  At  the  same  time,  I  cannot  avoid  stating  that  the 
new  obaerven  should  have  felt  it  their  duty  to  devote  special  at- 
tention to  the  most  interesting  regions  about  the  Fossa  Magna,  and 
between  Sado  and  Sendai.  Dr.  Knott  considers  it  very  important 
to  fairly  distribute  the  stations  over  the  whole  country,  and  that  it 
is  necessary  '<  to  give  volcanoes  a  wide  berth,  as  these  have  been 
shown  by  previous  observers  to  be  a  great  source  of  disturbance, 

^  There  is  lomethine  yer^  ttrikinff  in  Dr.  Knott's  representation.    The  centre  of 
the  great  loop  of  4°  20 ,  which  will  oe  noticed  in  the  main  island,  coincides  with  the 
intersection  of  the  great  longitudinal  and  trans^ene  ^«isw«&  ^qkba^  '^<ft:^<d.\^l  I^^-vsiL. 
Hh  eurre  of  equal  total  force,  and  that  of  equal  Yiomoxital  I'oi^^,  «Ja»i  ^t5s^^  '>^^^vi 
J^oam  JdMgna  has  gome  ia£uanoe  on  the  magnetio  qqxv«u 
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especially  as  regards  the  deoUnation.*'  Then,  almosi  in  the  oune 
breath,  he  searches  for  the  causes  of  observed  irregularities,  and 
finds  them  in  the  distribution  of  volcanic  rooks.  Little  or  ik) 
attention  seems  to  have  been  paid  to  the  most  interesting  dis- 
tnrbanoe  that  must  have  existed  at  Ino's  time  (at  the  beginning  of 
this  century),  and  which  Mr.  Sekino's  observations  show  to  still 
exist,  nor  was  the  peculiar  phenomenon  exhibited  by  the  magnetic 
block  on  the  summit  Morigoski  examined;  this  is  all  the  more 
surprising,  as  two  stations  of  Dr.  Knott's  survey  lie  in  the  immediate 
neighbourhood  of  these  remarkable  places. 

It  may  appear  that  I  am  dealing  too  minutely  with  Dr.  Knott's 
paper,  but  I  think  the  criticisms  are  justified  by  the  interests  of 
science.  It  is  by  no  means  satisfactory  to  see  that  so  many  fellow- 
workers  on  the  field  of  science  cannot  build  without  pulling  down, 
for  it  should  be  the  serious  duty  of  every  one  to  advance  from 
wherever  a  safe  footing  has  been  attained.  Earnest  and  honest 
labour  deserves  respect  rather  than  condemnation.  Unfortunately 
it  in  usual  for  critics  to  introduce  their  subject  with  an  exhaustive 
survey  of  all  its  faults,  instead  of  commending  its  merits.  The 
greater  the  efifort  made  to  ascertain  its  merits  and  appreciate  them, 
the  easier  will  it  be  to  use  existing  knowledge  as  a  foundation  for 
future  progress,  and  those  who  neglect  this  duty  tend  to  check 
rather  than  promote  the  advancement  of  science. 

Dr.  Knott  does  not  appear  to  be  acquainted  with  my  pamphlet, 
for  if  he  had  read  it  he  need  not  have  devoted  so  many  pages  to  the 
rather  antiquated  chapter  on  Kock  Magnetism ;  and  if  his  knowledge 
of  the  Geology  of  Japan  was  more  profound,  his  opinion  as  to  the 
causes  of  irregularities  being  entirely  superficial  would  be  modified. 
In  his  paper  we  are  taught  that  **  the  volcanic  nature  of  the  rocks 
is  more  than  enough  to  account  for  all  irregularities."  "Why? 
Perhaps  because  volcanic  rocks  are  known  to  contain  magnetic  iron 
ore  ?  If  80,  Dr.  Knott  should  have  remembered  that  the  volcanic 
tufis,  widely  distributed  over  the  country,  consist  of  the  same 
materials  as  so-called  volcanic  rocks.  In  addition,  as  proved  in  my 
memoir,  rock  magnetism  does  not  influence  the  curve-systems,  nor 
do  the  values  of  the  constants  depend  on  the  nature  of  the  rocks 
developed  in  the  neighbourhood. 

In  considering  such  questions  the  following  points  are  important : 
how  the  earth's  crust  is  composed  of  masses  of  rocks ;  how  deep  the 
fissures  penetrate  into  the  earth  and  establish  connection  with  the 
interior  of  the  globe ;  whether  these  fissures  are  closed  or  not,  etc 
In  the  locality  under  discussion  there  are  two  enormous  fissures, 
intimately  connected  with  the  development  of  the  great  earth-wave 
whose  crest  appears  as  the  Japanese  island  chain.  One  of  these  is 
longitudinal,  and  divides  the  whole  mountain-range  into  inner  and 
outer  zones  ;  the  other  is  transversal,  and  divides  the  chain  into  two 
parts  which  stretch  towards  the  north -north -east  and  west-south- 
west respectively.  The  Iraxiv^feT^^  ^^^wt^  \a  mdicated  by  the  Fossa 
Magna,  and  the  longitvidmaV  on^  ewr^^'^  \>^sk2^  Vqtwvw^"^  ^O^a  %ia.  ^ 
Japan,  where  it  intersecta  l\ift  iotmw  i^i^^  ^\vw\»3:^i\S.>i.  ^x^^xvs.^xa 
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masses  of  molten  matter  have  been  ejected  from  these  clefts,  and  it 
is  not  difficult  to  imagine  that  such  enormous  fissures  have  some 
influenoe  upon  earth  currents,  and  consequently  on  the  magnetic 
needle. 

My  former  remarks  on  the  reduction  of  the  declination  values  to 
one  hour  are  said  to  contain  a  **  slight "  inaccuracy,  and  Dr.  Knott 
seems  to  think  that  no  correction  was  applied  to  observations  made 
at  the  northern  stations.  On  this  supposition  he  depreciates  Sekino's 
observations,  and,  together  with  the  supposed  injudicious  distribution 
of  stations,  it  is  used  as  an  argument  against  the  first  Magnetic  Survey. 

The  title  of  Sekiuo's  Magnetic  Map  of  Japan,  which  was  exhibited 
at  the  Berlin  International  Congress  of  Geologists,  and  now  belongs 
to  the  Geographical  Society  of  Berlin,  runs  as  follows,  "  On  trouve 
les  valours  actuelles  des  observations  indiquees  pr^  des  stations 
par  les  memos  coulers  que  les  colours  correspondanles.  Les  observa- 
tions sur  la  declinaison  seulement  sent  reduites  en  moyenne  diume.^' 
Before  publishing  my  pamphlet  on  magnetism  I  wrote  to  Sekino 
asking  him  to  give  me  the  exact  times  at  which  each  observation 
was  taken,  and  he  replied  that  the  values  in  the  list  I  kept 
were  daily  means.  I  am  certain  that  before  leaving  Japan  I  gave 
instructions  for  a  reduction  of  all  declinations  to  be  made,  and 
hitherto  I  was  convinced  that  this  had  been  done,  although  the 
reduction  for  the  northern  stations  could  only  be  approximate.  If 
Dr.  Enott  has  any  doubts  about  the  matter,  he  may  readily  remove 
them  by  inspecting  Sekino's  field  books,  for,  as  stated  above,  these 
books  were  not  written  to  be  buried  in  the  Archives  of  the  Geological 
Survey,  but  were  prepared  for  the  use  of  future  observers. 

There  are,  I  think,  very  few  persons  who  have  a  good  idea  of 
the  surface  configuration  of  the  earth,  even  where  only  a  small  part 
is  concerned.  In  most  cases  heights  are  exaggerated  in  memory,  and 
consequently  the  angles  of  inclination  are  taken  far  too  great.  How 
insignificant  is  the  depth  of  the  deepest  part  of  the  ocean  when 
compared  with  the  dimensions  of  the  globe  as  a  whole  1  Lament 
has  tested  the  question  as  to  whether  there  is  any  change  in  the 
magnetic  elements  due  to  differences  of  level,  and  the  results  show 
the  change  to  be  imperceptible  even  for  considerable  differences  of 
height.  From  this  he  concluded  that  the  seat  of  terrestrial  magnetism 
is  not  to  be  sought  near  the  surface,  but  at  enormous  depths  below 
the  surface. 

I  may  here  be  allowed  to  draw  attention  to  a  most  interesting 
theory  of  Lament.  He  admitted  the  frequent  occurrence  of  irregu- 
larities in  the  systems  of  magnetic  curves,  and  attributed  them,  not 
to  the  influence  of  magnetic  masses  contained  in  the  crust,  but  to 
elevations  and  depressions,  i.e.  to  irregularities,  of  the  earth's  nucleus. 

His  opinion  may  best  be  stated  in  his  own  words :  '*  The  magnetic 
curves  represent  the  surface  of  the  nucleus."  If  Dr.  Knott  had 
been  well  acquainted  with  these  remote  but  classical  investigations, 
he  might  have  omitted  the  discussion  of  results  given  on  page  214 
ofbia  Memoir. 
In  my  pamphlet  on  Magnetism  I  \iave  ^n^ti  ^  I^tV^^  ^jRjOi^^ 
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list  of  the  most  important  works  on  the  suhject,  and  I  consider  it 
necessary  that  every  scientific  investigator  should  have  a  profoond 
knowledge  of  the  literature  of  his  subject ;  for  when  so  qualified  he 
need  not  discuss  works  which  he  has  not  studied  carefully. 

Amongst  the  works  which  I  have  had  occasion  to  peruse  during 
my  studies  in  terrestrial  magnetism,  a  memoir  by  0.  A.  Schott  on 
the  secular  variation  of  magnetic  declination  in  the  United  States 
and  at  some  foreign  stations,  is  of  special  interest.  Any  one  who 
has  devoted  any  attention  to  the  subject  of  secular  change,  knows 
that  it  is  one  of  the  most  complicated  branches  of  terrestrial  physics, 
and  at  first  sight  it  seems  very  curious  that  by  far  the  greater 
number  of  copies  of  the  above  memoir  were  sold  to  lawyers.  The 
demand  in  law  circles  for  the  work  which  treated  of  a  purely 
scientific  subject  was  so  great,  that  several  new  editions  had  to  be 
issued  ;  and  the  reason  of  this  is  to  be  found  in  the  difficulties 
experienced  in  following  the  old  boundary  lines  of  landed  property, 
which  had  been  originally  laid  out  by  the  magnetic  compass.  This 
case  is  a  good  example  of  how  a  purely  scientific  problem  may 
suddenly  and  unexpectedly  become  one  of  great  practical  importance. 

Schott's  investigations  tend  to  show  that  the  secular  variation  is 
periodic,  but  unfortunately  the  observations  do  not  extend  over  a 
complete  cycle.  He  compares  the  secular  change  with  the  motion 
of  a  pendulum.  In  the  United  States  south  of  the  49th  parallel,  a 
complete  cycle  requires  2^  to  3^  centuries,  and  during  this  interval 
the  needle  describes  arcs  varying  from  3°  to  7° ;  in  Paris  the  ampli- 
tude is  33°  and  the  period  about  4f  centuries. 

Taken  as  a  whole,  the  secular  variation  is  perfectly  systematic, 
and  subject  to  remarkable  laws  which  will  well  repay  careful  study, 
and  being  a  phase  in  the  life-history  of  our  planet,  the  secular 
change  may  prove  an  excellent  means  of  comprehending  the  internal 
condition  of  the  globe. 

In  Japan  the  magnetic  elements  have  undergone  considerable 
changes  since  the  beginning  of  the  present  century,  as  may  be  seen 
by  comparing  recent  surveys  with  that  of  Ino  Tadagoski,  a  Japanese 
astronomer,  who,  about  that  period,  made  a  geodetic  survey  of  his 
native  country.  This  observer  had  heard  and  read  in  foreign  books 
of  the  variation  of  the  compass,  but,  nevertheless,  he  denied  its 
existence,  and  even  went  so  far  as  to  attribute  the  declination 
observed  by  Europeans  to  errors  in  their  compasses ;  he  also  main- 
tained that  the  fact  of  his  own  needles  always  pointing  due  north, 
was  owing  to  the  superiority  of  his  instruments,  which  were  of  his 
own  construction.  Thus  he  was  led  to  believe  that  no  variation  of 
the  compass  existed.  Tlie  average  amount  of  secular  change  during 
the  interval  1800  to  1880  is  between  3  and  4  minutes  of  arc  per 
annum.  Dr.  Knott  maintains  that  at  the  present  time  there  is  no 
secular  change  in  Japan,  and  if  this  be  correct,  it  is  an  important 
and  unexpected  result.     Let  us  see  how  far  it  may  be  relied  upon. 

As  stated  above,  Dr.  Knott  upes  a  method  which  is  a  contradictio 
in  adjecto,  for  if  an  average  oi  d\^^T^T\c^^^  \^^  \«^K.fe\i,  ^xA 'Oc^a  ^x^^:%.^ 
proves  to  be  zero,  as  in  l\ie  case  con^V^^x^^,  VX.  ^^"^  ^^^.  \i^Rfe»R5ss\^ 
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follow  that  there  is  no  secnlar  variation  in  Japan,  but  the  result  can 
be  explained  by  tbe  well-known  fact  that  the  amount  of  secular 
change  is  different  in  different  places,  and  may  be  positive  in  some, 
whilst  it  is  negative  in  others. 

From  a  comparison  of  Sekino's  and  Knott's  maps,  however,  it 
may  be  seen  that  the  isogenic  lines  have  shifted  very  little  indeed, 
and  we  agree  with  Dr.  Knott  when  he  says :  *'  Within  the  period 
beginning  with  1883  and  ending  1887,  there  is  practically  no 
change,  or  if  there  is,  it  is  a  very  small  change  indeed.  It  looks 
almost  as  if  we  were  just  passing  through  a  time  of  maximum 
declination."  This  result  is  extremely  interesting  if  we  take  into 
account  what  Fritsche  has  said  about  the  line  of  zero  declination 
when  it  passes  through  Mongolia.  The  value  of  the  secular  varia- 
tion for  stations  lying  near  this  part  of  the  line  is  very  small,  and 
we  may  therefore  conclude  that  the  whole  magnetic  island  of  western 
declination  covering  a  considerable  part  of  Eastern  Asia  is  at  present 
in  a  nearly  stationary  condition. 

When  speaking  of  the  diurnal  means  obtained  from  Sekino's 
survey,  I  quoted  part  of  the  explanation  accompanying  his  magnetic 
map,  and  I  now  direct  attention  to  another  passage  of  that  explana- 
tion, which  runs  as  follows:  ''II  y  a  un  nombre  d'irregularites 
considerables  qui  sont  particuli^res  ^  des  regions  isolees.  Ce  ne*8t 
pas  le  caract^re  special  de  ces  irregularites  qui  est  repr^sente  dans 
la  carte  par  les  lignes  en  forme  de  cercle,  mais  simplement  le  lieu 
et  I'extension."  There  is  no  doubt  but  that  a  complete  magnetic 
survey  of  Japan  will  prove  the  existence  of  many  small  magnetic 
islands,  which  can  at  present  only  be  vaguely  indicated. 

Dr.  Knott's  map  does  not  show  the  Sado  sinuation  of  the  south- 
west curve  as  I  have  shown  it,  but  represents  the  irregularity  by 
an  isolated  line  round  the  island.  He  prefers  this  form  because — 
as  he  says — it  is  well  known  that  the  isogenic  lines  at  or  near 
islands  often  present  irregularities  of  quite  a  local  character.  I 
am  inclined  to  believe  that  this  is  not  well  known.  I,  at  least, 
was  not  aware  of  it,  except  as  regards  oceanic  islands  which  may 
— as  Bijckevorsel  says — appear  to  have  some  power  of  coercion 
on  the  isogenic  lines.  Oceanic  islands,  however,  are  indications  of 
great  snbmarine  mountain  ranges,  which  are  generally  accompanied 
by  deep  fissures  in  the  earth's  crust,  but  no  power  of  coercion  can 
be  expected  from  an  island  which,  is  merely  a  detached  piece  of  the 
main  land. 

The  problems  presented  by  the  magnetic  islands  of  Japan  can 
only  be  solved  by  a  very  detailed  survey,  and  it  is  interesting  to 
enquire  what  such  a  survey  means.  Quite  recently  a  very  detailed 
magnetic  survey  of  part  of  the  kingdom  of  Wiirtemberg  has  been 
carried  out  by  Hammer,  and  he  estimates  that  about  90  stations 
would  be  necessary  for  the  whole  kingdom.  Taking  this  as  a  basis, 
Japan  would  need  1800  stations,  Germany  2500,  and  Great  Britain 
1500  stations. 

These  numbers  induce  me  to  again  xe^w  \o  \Xi^  ^veJct^xsJ^^-^  ^*l 
statioDB  in  tbe  £rst  Japanese  survey,  o\:)3ee\;&3L  \.o\i^\^x»^\!^^'vX«  ^» 
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his  Surrey  obsenrations  were  taken  at  80  stations,  and  in  the  fint 
survey  200  stations  were  selected.  When  compared  with  t]ie 
requirements  of  a  detailed  scheme,  both  these  numbers  appear  very 
moidest  In  such  cases  it  is  all  the  more  necessary  to  distribute  the 
stations  judiciously  instead  of  merely  spreading  them  "  fairly  ofer 
the  whole  country/'  for  it  is  only  exhaustive  surveys  which  oaa 
adopt  the  latter  principle  advocated  by  Dr.  Knott  Similar  remarh 
may  apply  in  orographic  surveys,  for  a  reconnaissance  requires  qaite 
a  different  distribution  of  stations  to  that  needed  for  an  elaborate 
undertaking  in  which  time  and  money  are  not  important  Having 
had  some  experience  in  reconnaissance  surveying,  I  am  well  aware 
how  carefully  the  stations  must  be  selected. 

The  above  numbers  also  give  us  an  idea  how  very  far  we  still  are 
from  having  accomplished  detailed  magnetic  surveys  even  of  parti 
of  the  earth's  surface ;  it  is  only  in  a  few  very  limited  districts  in 
Missouri,  Transylvania  and  Wiirtemberg  that  such  surveys  have 
been  attempted.  Tlie  whole  question  needs  to  be  taken  up  inter- 
nationally, and  I  trust  that  these  lines  may  convince  my  readers  of 
the  great  importance  of  the  subject  Rich  harvests  may  be  expected 
from  a  field  which  can  only  be  explored  by  the  joint  efforts  of  all 
the  workers  in  this  great  cause,  and  the  stimulus  imparted  by  British 
scientists  will  be  sure  to  fiud  a  ready  response  on  the  contiuent 

To  many  sciences  the  problem  of  terrestrial  magnetism  is  the 
common  focus,  for  physicists,  geographers,  topographers,  meteorolo- 
gists, astronomers,  etc.,  and  above  all  geologists,  must  be  interested 
in  it.  In  former  times  magnetic  observations  were  commonly 
attacheil  to  astronomical  ones,  and  astronomers  were  in  charge  of 
the  observations,  whilst  at  present  the  subject  forms  a  branch  of 
physiography,  and  the  observatories  are  usually  connected  with 
meteorological  establishments.  The  latter  arrangement  seems  to  he 
the  most  satisfactory  one,  and  great  interest  is  taken  in  the  question 
by  meteorological  societies  and  offices  on  the  continent,  particularly 
at  Hamburg,  Berlin,  Vienna  and  Munich. 

To  come  to  the  practical  bide  of  the  question,  I  beg  to  propose 
that  an  International  Congress  be  held,  say  in  London,  at  or  about 
the  time  of  the  next  British  Association  meeting.  This  Congress 
might  decide  numerous  questions,  still  unsettled  in  the  minds  of  the 
majority  of  observers,  and  may  pass  resolutions  prescribing  uniform 
schemes  on  which  magnetic  surveys  should  be  carried  out  It 
should  also  endeavour  to  induce  the  various  Governments  to  take 
an  active  part  in  promoting  the  magnetic  survey  of  their  respective 
oountries. 

Dr.  Naumann's  paper  is  illustrated  by  Plates  XV.-XIX. 

Plate  XV.   Locke's  Magnetic  Sections;   Palisades  of  the  Hudson  and  Patterson, 

New  Jersey. 
Plate  XVI.  Magnetic  Curves  of  the  Himalayas. 

Plate  XVII.   Tectonic  Map  of  Japan  with  Dr.  Knott's  Magnetic  Curves. 
Plate  XVIII.   Comparative  Diagram  of  Mr.  Sekino's  and  Dr.  Knott's  Magnetic 

Curves  oi  3apaTv. 
Piate  XIX.   Magnetic  Tectomc  CYiWct  oi  ^«^w^\s^  \ix.'S»."^waaaaa., 
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III. — On  the  Lowib  Silurian  Felsites  of  the  Sotjth-East  of 

Ibeland.^ 

By  F&BDBBicfK  H.  Hatch,  Pb.D.,  F.G.S. 
(Communicated  by  permission  of  the  Director-Oeneral  of  the  (Geological  Sarrey.) 

THE  felsites  of  the  south-east  of  Ireland  are  shown  on  the  maps 
of  the  Geological  Survey '  to  extend  over  considerable  areas  in 
counties  Wicklow,  Wexford  and  Waterford.  Like  the  Welsh  felsites 
they  are  contemporaneous  with  Lower  Silurian  (Ordovician)  strata, 
and  were  probably  erupted  on  an  old  sea-bottom.  They  are  accom- 
panied by  abundant  deposits  of  tufifs  and  breccias,  the  component 
fragments  of  which  consist  mainly  of  felsite. 

A  chemical  examination  of  one  of  the  felsites,  made  when  I  was 
preparing  a  petrographical  description  of  the  more  important  igneous 
rocks  for  a  memoir  on  Sheets  138  and  139  of  the  Irish  Geological 
Survey,  showed  it  to  be  a  soda-felsite ;  *  and  this  discovery  induced  me 
to  make  a  more  extended  examination  of  these  felsites.  A  number  of 
specimens  from  different  localities  were  collected  and  sliced ;  and 
a  chemical  analysis  of  those  that  promised  interesting  results  was 
kindly  undertaken  by  Mr.  J.  Hort  Player  (to  whom  I  here  tender 
my  best  thanks).  The  object  of  this  paper  is  to  communicate  these 
results  and  to  discuss  them  in  connection  with  the  microscopic 
characters  of  the  rocks. 

The  main  point  brought  out  by  chemical  analysis  is  the  almost 
entire  absence  of  lime,  and  the  presence  of  potash  and  soda  in 
varying  proportions  :  in  other  words,  the  lime-soda  series  of  felspars 
is  unrepresented  in  these  rocks,  whic^  must  therefore  contain  either 
a  varying  proportion  of  potash-felspar  (orthoclase)  and  soda-felspar 
(albite)  or  one  or  more  felspars  of  a  potash-soda  series  (anorthoclase). 

According  to  the  relative  proportion  of  potash  and  soda  the  rocks 
are  roughly  separable  into  the  three  following  groups : 

(I.)  Those  in  which  there  is  a  large  excess  of  potash  over  soda, 
the  latter  being  present  only  in  small  quantity.  These  may  be 
termed  poiash-felattes. 

(II.)  Those  in  which  the  soda,  though  present  in  considerable 
quantity,  is  yet  subordinate  to  the  potash.  These  may  be  termed 
poiash'Soda-felntea. 

(III.)  Those  in  which  the  soda  is  in  excess.  These  may  be  termed 

^  Bead  at  the  Newcastle  Meeting  of  the  British  Association,  Sept.  13th,  1889. 
3  Sheets  130,  189,  148,  149,  16b,  167,  168,  169,  178,  and  179. 

*  Gbol.  Mao.  1889,  p.  70. 

*  Should  the  soda  he  in  hnt  slight  excess  of  the  potash,  the  rock  might  he  termed  a 
toda-peiash-filtiu.  The  term  kerutophyri  (originally  suggested  hy  Giimbel)  has  heen 
applied  hy  Lossen  to  a  rather  inde^te  group  whicn  includes  rocks  similar  in 

eiuuracter  to  tikote  in  Group  III.   The  iena  aodab-i«\nXA  v^^«Ki%\&sstft«.Y$^^^^^^'^ 
tbeae  roeka, 

VMOABM  nU^^TOIu  TZ.F— KO.  XDU  ^^ 
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'  The  nhole  of  tha  potaali  hiu  been  calcalated  as  orthoclue  (rom  the  fannoli 

E,0.  AlgOj.  (SiO,1,:  aod  the  aodii  as  albite  from  the  formuts  N^O.  A],0).  (SiOJ,. 

'  See  also  three  analpes  of  felsites  from  the  coonties  of  Wickloir,  Weiford,  ud 

Watorford  bj  the  Ber.  S.  Haughton  (Trana.  Boy.  Irish  Acad.  toI.  xiiii.  part  li. 

lS69,p.  616). 

'  8ee  also  two  analTsea  of  soda-feleitea  from  the  Waterford  coast  by  the  lat«  J.  A. 
Phillips  (Phil.  Mag.  1810,  iq\.  iilki.  ^.  VI  ■,  GaoL.  M*o.  June,  18B9,  p.  288),  aad 
•o  analjiuol  a  Wu;Uoii«od&-lc^te^)-]  \^  *».<£&.'«  IJiwi-w^Lkti.Cth.  LBSB,  p.  70). 
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Notes  on  the  foregoing  Chroupa. 

GKorp  T.— 1.  (I.  113.)— Half  a  mUe  Bouth-east  of  Cairn  on  Castletimon  Hill, 
Co.  Wicklow.     Sheet  130. 
Compact  grey  feldte,  of  irregular  fracture.     Under  the  microecope  shows  felsitic 

icr^tocrystalUne)  stnictore,  bat  with  fre^quent  patches  of  more  coarsely  crystalline 
microcrystalline)  matter.    No  porphyritic  crystals. 

2.  (I.  172.)— One  mile  west  of  Great  Newtown  Head,  Co.  Waterford.  Sheet  179. 
Compact  brown  felsite,  of  irregular  fracture.  Under  the  microscope  shows  a  cloudy 

unindividualized  substance,  containing  a  number  of  ill-defined  spherular  clots,  mostly 
aggregated  in  strings.  These  bodies  have  no  radially  fibrous  structure,  presenting 
between  crossed  Nicola  a  speckled  or  dappled  depolarization  instead  of  the  character- 
istic black  cross,  and  cannot  therefore  be  regarded  as  true  spherulites.  They  doubt- 
less represent,  however,  some  incipient  form  of  crystallization.  The  remainder  of 
the  ground-mass  shows  a  confused,  patchy  devitrincation.  The  rock  contains  no 
crysUds  and  is  probably  a  devitrified  pitchstone. 

3.  (I.  iio.)~Ca8tletimon-ford,  rightbank,  Co.  Wicklow.    Sheet  130. 
Compact,  grey,  mottled  felsite,  fracturing  easily ;    the  joint-faces  stained  with 

oxide  of  iron. 

Felsitic  or  cryptocrystalline  structure  with  an  .occasional  porphyritic  crystal  of 
non-striated  felspar  (orthoclase).  Between  crossed  Nicols  the  devitrification  of  the 
ground-mass  shows  itself  in  the  presence  of  innumerable  minute  spherular  bodies, 
each  giving  a  black  cross.    Chlonte  is  present  in  scattered  scales. 

4.  (I.  III.)— Castletimon -ford,  left  bank,  Co.  Wicklow.     Sheet  130. 

Very  compact,  light  grey  felsite ;  brittle  and  splintery,  fracturing  easily  along 
joints,  the  faces  of  which  are  stained  yellow  with  oxide  of  iron,  resulting  from  the 
decomposition  of  pyrites  which  occurs  in  small  Quantities  in  this  rock. 

Uncler  the  microscope  the  structure  is  truly  felsitic  or  cryptocrystalline,  there  being 
no  porphyritic  crystals  present. 

Group  II. — 6.  (I.  81.J— Quarry  on  road  f rom  Woodenbiidge  to  Aughrim,  IJ  mile 
north-west  of  Woodenbndge,  Co.  Wicklow.    Sheet  139. 

Compact  grey  felsite,  spotted  white  with  small  crystal*  of  felspar.  Iron  pyrites 
in  disseminated  specks. 

Under  the  microscope :  Cryptocrystalline  ^und-mass,  embedding  numerous  por- 
phyritic crystals  of  striated  felspar.  The  twinning  is  on  both  types  (pericline  and 
aibite).    Microperthite  structure  is  occasionally  shown. 

6.  (I.  126.)— Kilmacrea  Wood,  1}  mile  north-west  of  Bedcross,  Co.  Wicklow. 
Sheet  130. 

Compact,  grey,  mottled  felsite. 

Under  the  microscope  :  Structure  varying  between  cryptocrystalline,  in  which  the 
constituent  granules  are  not  distinctly  separable,  and  microcrystalline  in  which  each 
granule  can  be  clearly  disting^shed.  Here  and  there  oecur  a  few  larger  grains  of 
quartz  and  felspar,  but  not  sufficiently  separated  from  the  ground-mass  to  constitute 
a  true  porphyritic  structure. 

7.  (I.  169.) — Boulder  on  coast,  near  Annstown,  Co.  Waterford.    Sheet  178. 
Compact  dark  grey  felsite,  well  banded  (fluidal  structure). 

Under  the  microscope:  Felsitic  ground-mass  with  confused  and  patchy  devitrifi- 
cation. Embedded  in  the  ground-mass  are  large  porphyritic  crystals  of  quartz  and 
felspar,  the  former  corroded,  the  latter  presenting  both  single  and  double  twin- 
striation. 

8.  (I.  109.)  —  One  mile  south-east  of  Ballynacor  Cross-roads,  Co.  Wicklow. 
Sheet  130. 

Compact  back  felsite ;  fracture  irregular. 

Under  the  microscope:  Confused  felsitic  ground-mass,  depolarizing  in  patches, 
with  isolated  porphyritic  crystals  of  striated  felspar. 

Ghoup  III.— 9.  (I.  83.)--Quarter-of-a-mile  east  of  Coatsbridge,  on  the  road 
from  Woodenbridge  to  Aughrim,  Co.  Wicklow.    Sheet  139. 

A  grey  almost  phanerocrystalline  felsite,  "w\t\i  %\\^\vt  '^vc«2\^  ^^xwsioca^  Vjjx^-iJ^ 
second&ry  and  due  to  the  earth-movements  t\iat  Via^e  aft,Wi\«^  ^Cs^  x^^W!^^. 
Viewed  between  eroued  Ificola  tVie  groxmd-maAa  '^^a  «».  mNxvc^X^  ts^wss^r.-^ 
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appearance  prodaoed  by  the  uniform  diftribntiott  of  numite  prinoa  of  felspar  among 
the  rounder  granules  of  quartz.    The  porpbyritio  felapar,  which  ia  not  aboodiat, 
oocuiv  in  broad  rather  irregular  graina ,  preeenting  ^oradic  twin-atriatioii. 
Scales,  shreds  and  strealu  of  Mth  muscoTite  and  chlorite  are  xmther  abnsdant 

10.  (I.  8a)— Half-mile  north-west  of  Woodenbndge,  on  the  zoad  from  Woodm- 
bridge  to  Aughrim,  Co.  Wicklow.    Sheet  189. 

A  grey  almost  phanerocrystalline  felsite,  like  No.  9. 

Under  tiie  microscope :  Microcrystalline  gronnd-maia,  with  porphTiitie  grains  of 
quartz  and  felspar,  tne  former  much  corroded  and  rounded,  the  latter  showing 
occasional  twin-striation. 


11.  (I.  114.)— Kidge,  immediately  south-east  of  cairn  on  Castletimoa  Hill,  Co. 
Wicklow.    Sheet  130. 

Compact  felsite,  of  light-^ray  colour,  but  with  dark  mottlinga. 

The  micro-structare  of  this  rock  is  extremely  yaried :  at  one  place  cryptoaystsl- 
line,  presenting  the  characteristic  dappled  '*  felsitic  *'  appearanee  between  crossed 
Xieols;  at  another,  almost  coarsely  microcrystalline,  tne  graina  of  felspar  and 
quartz  being  clearly  distinguishable.  The  structure  is,  howerer,  nowhere  tnilj 
porphyritic 

12.  (I.  96 )— Old  Quarry,  Little  Rock,  ArUow,  Co.  Wicklow.    Sheet  139. 
Light-coloured  felsite,  spotted  white  with  porphyritio  crystals  of  felspar. 
Under  the  microscope  this  rock  is  seen  to  consist  of  fairly  large  porphyritic  erjstili 

of  quartz  and  felspar  embedded  in  a  microcrystalline  ground-masa.  The  latter  is 
made  up  of  a  uniform  minutely  granular  aggregate  of  quartz  and  felspar,  together 
with  minute  flakes  and  scales  of  muscoTite  ana  chlorite. 

The  quartz  occurs  in  round  and  corroded  j^rains,  of  which  two  or  three  are  often 
closely  a^rgregated.  The  felspar  is  present  in  broad  rectangular  crystals,  presenting 
ffood  crystallographic  contours.  The  crystals  occasionally  show  dual  twinning ;  more 
frequently,  however,  the  twinning  is  poly  synthetic,  the  crystals  being  striated  either 
in  one  direction  alone  (albite  type)  or  in  two  directions  at  right  angles  to  one  another 
(albite  and  pericline  types).  A  slight  development  of  zoiuil  structure  ii  here  and 
there  to  be  observed,     in  no  case  was  the  extmction-angle  found  to  exceed  20°. 

Group  I.  comprises  felsites  containing  few  or  no  porphyritic 
orystals ;  they  are  composed  mainly  of  a  truly  cryptocrystaLline  or 
feisitio  aggregate.  The  few  porpbyritio  crystab  are  not  striated, 
and  consist  doubtless  of  ortboclase. 

Groups  II.  and  III.  embrace  felsites  in  wbicb  a  striated  porpbyritio 
constituent  is  more  or  less  abundant  On  the  other  band,  the  felspar 
of  the  ground-mass  can  be  safely  referred  to  ortboclase,  as  in  Group  I. 
And  it  seems  likely  that  the  fluctuation  in  the  percentage  of  potash 
and  soda  in  these  rocks  may  be  due  to  a  variation  in  the  relative 
proportion  between  a  porphyritic  albite-felspar  and  tbe  ortboclase- 
felspar  of  tbe  ground-mass.  It  is  not  impossible,  however,  that 
tbe  porphyritic  felspars  may  belong  to  a  triclinio  potasb-soda  series 
(tbe  anortboclase  series  of  Hosenbuscb'),  analogous  to  the  soda- 
ortboclase  or  soda-microcline  described  by  Forstner '  in  tbe  liparites 
of  Pantellaria,  by  Brogger'  in  tbe  augite-syenite  of  Southern 
Norway,  and  by  Miers  and  Fletcber^  from  Kilimanjaro.  In  all  these 
oases,  however,  tbe  analyses  show  tbe  presence  of  2  or  3  per  cent  of 
lime,  wbicb,  with  tbe  notable  exception  of  tbe  Little  Arklow  Rock 
(No.  12),  is  almost  entirely  absent  from  tbe  Irisb  soda-felsites. 
Unfortunately  tbe  felspar-grains  in  tbe  latter  are  too  small  for 
^  Mikio*.  PWlo^.  \ol.  i.  (1886),  p.  660. 
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meohanioal  separatioii  with  a  view  to  ohemical  analysis.  Isolation 
with  the  Borotungstate  solution  was  indeed  tried  by  Mr.  Player,  bat 
without  success.  Lossen^  states  that  the  porphyritio  crystals,  in 
the  keratophyres  described  by  him,  are,  in  great  part,  mechanical 
admixtures  of  orthoclase  and  albite,  similar  to  microperthite ;  but  in 
the  rocks  under  consideration  I  have  been  able  only  in  quite  isolated 
instances  to  record  the  presence  of  micro-perthite  structure. 

The  rocks  embraced  in  Group  III.  are  slightly  more  crystalline 
than  the  others,  the  ground-mass  being  in  general  microcrystalline 
instead  of  cryptocrystalline.  No.  12  (Little  Arklow  Rock)  indeed 
has  been  placed  by  Haughton'  among  his  soda-granites;  but  the 
structure  of  this  rock  can  scarcely  be  termed  granitic ;  at  most  it 
could  only  be  called  miorogranitic  (in  Bosenbusch's  sense  of  the 
term),  since  it  consists  of  porphyritio  crystals  imbedded  in  a  micro- 
crystalline  ground-mass. 

It  only  remains  to  point  out  that  the  modem  equivalents  of  these 
ancient  felsitic  layas  are  the  rhyolites  or  liparites  and  pantellerites, 
which  have  been  subdivided  by  Rosenbusch '  into  potash-liparites, 
soda-liparites  and  pantellerites,  sanidine  being  the  porphyritio  con- 
stituent characteristic  for  the  first,  albite  for  the  second,  and  anortho- 
clase  for  the  pantellerites.  The  main  difference  between  the  liparites 
and  the  felsites  lies  in  the  character  of  the  ground-mass,  the  glassy 
base  of  the  former  being  replaced  in  the  latter  by  the  cryptocrystal- 
line aggregate  known  esfelsitie  matter,* 

Some  of  the  rocks,  especially  those  of  Group  I.,  show  indications 
of  having  consolidated  as  true  glasses  (pitchstone  or  obsidian),  as 
has  been  proved  to  be  the  case  in  several  instances  among  the 
felsites  of  Shropshire  and  Wales  by  the  valuable  researches  of  S. 
Allport*  and  F.  Rutley,'  who  have  succeeded  in  detecting  distinct 
traces  of  perlitio  and  spherulitic  structure  in  these  rocks.  The 
Welsh  felsites  are  of  the  same  age  (Bala)  as  the  Irish  rocks,  and 
probably  belong  to  the  same  series  of  volcanic  outbursts. 

IV. — Phtsioqbaphy    of    the    Lowib    Tbias.' 
By  T.  Mbllard  Bbadb,  C.E.,  F.C.S.,  F.B.I.B.A. 

Introduction, 

THE  origin  of  the  Triassio  rocks  of  Britain  is  a  question  that  has 
excited  from  time  to  time  much  interest  and  varied  speculation. 
The  entire  absence  of  fossils  in  the  Lower  Trias  or  Bunter  Sand- 
stone has  led  the  majority  of  geological  reasoners  to  look  to  causes 

^  Jahrbach  d.  k.  Preus.  Oeol.  Landesanst.  fiir  das  Jahr  1884  (1886),  p.  xxxii. 
'  Trana.  Boy.  Iriah  Acad.  vol.  xxii.  pt.  ii.  (1859),  p.  609. 
s  Mikrofl.  Phys.  vol  ii.  1887,  p.  628. 

*  Nothing  of  the  nature  of  miorofeUUe  (in  Boflenhusch's  sense)  has  been  obserred 
by  me  daring  the  examination  of  these  rocks. 

^  On  the  Pitchstones  and  Perlites  of  the  Lower  Silurian  District  of  Shropshire, 
Q.J.6.S,  vol.  xxxiii.  (1877),  p.  449. 

*  On  Perlitio  and  Sphenmtic  Stmctnres  in  the  Lavas  of  the  Glyder  Fawr, 

N.  Wales,  Q.J.O.S.  1879,  p.  608  ;  and  in  Memoir  ot  Qr«o\.  %^a^«^  vgl  ^^i^^^^s^^ 

Lawaaof  England  and  WiaJee. 

'  Bead  at  the  Brit.  Assoc.,  Newcastie-on-Tme.  m  %«i^u  ^.  \Jk^^s(^^^^«s^ 
J889.  ' 
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other  than  marine  action  for  an  explanation  of  its  oharacteristio 
features.  The  late  Mr.  Oodwin-Austen  was  of  opinion  that  the  whole 
of  the  Triassic  rooks  were  laid  down  in  freshwater  lakes  which, 
passing  through  the  brackish  stage,  become  finally  saturated  with 
saline  matter  through  evaporation  exoeeding  the  inflow  of  fresh 
water.  It  has  been  felt,  however,  by  other  geologists,  that  this 
theory,  while  aooounting  fairly  well  for  the  upper  deposits  of  the 
Triassic  age,  does  not  fit  in  with  the  phenomena  of  current  bedding, 
the  presence  and  distribution  of  the  numerous  quartzite  and  other 
well-rounded  pebbles,  and  the  comparative  absence  of  marl-beds, 
which  dlBtinguish  the  Lower  Trias  or  Bunter  Sandstones. 

Hence  some  well-qualified  observers,  following  Professor  Bonney,^ 
prefer  to  consider  that  the  mass  of  the  sandstones  have  been  laid 
down  by  rivers  and  point  to  Central  Asia,  as  a  region  where  the 
same  accumulations  are  now  taking  place.  The  late  Mr.  John 
Arthur  Phillips  suggested  that  much  of  the  sandstone  displaying  the 
well-rounded  or  «  millet-seed  "  grain,  supposed  to  be  the  distinguish- 
ing characteristic  of  the  upper  and  lower  beds  or  divisions  of  the 
Bunter  Sandstone,  was  accumulated  by  wind  action,  it  being  main- 
tained that  the  individual  grains  could  not  have  been  worn  to  so 
spherical  a  form  by  any  other  agent'  A  combination  of  these  two 
views  seems  to  constitute  the  prevailing  if  not  the  finally  accepted 
theory  of  the  origin  of  a  large  proportion  of  the  Trisissic  Sandstones 
of  Britain. 

My  attention,  which  has  for  a  long  time  been  attracted  by  these 
interesting  speculations,  was  some  time  since  more  specifically 
directed  to  the  subject  Having  for  engineering  and  other  purposes 
to  examine  considerable  areas  of  the  Triassic  deposits  of  the  North- 
west of  England,  the  opportunity  of  further  prosecuting  the  inquiry 
was  eagerly  seized. 

The  Triassic  and  immediately  overlying  and  underlying  rocks 
of  the  North-west  of  England  and  the  Midland  Counties  •  were  for 
the  purposes  of  the  Geological  Survey  classified  by  Professor  Hull 
as  follows : 

^  Al.  Bheetic  or  Penarth  beds  occurring  at  Copt  Heath  and  the  South- west  of 

England. 
A2.  New  Hed  Marl.    Red  and  Grey  shales,  and  marls  sometimes  micaceous, 

with  bedA  of  rock  salt  and  gjpsum  containing  Ettkeria  and  Foraminifera 

(Chellaston). 
A3.  Lower  Eeuper  Sandstone.    Thinly  laminated  micaceous  sandstones  and 

marls  (waterstones) ;  passing  downwards  into  white,  brown  or  reddish 

sandstone,  with  a  base  of  calcareous  conglomerate  or  breccia. 
CI.  Upper   Mottled  Sandstone.      Soft  bright-red  and  yariegated  sandstone 

(without  pebbles). 
C2.  Pebble  Beds.    Harder  reddish-brown  sandstone  with  qnartzoae  pebbles, 

passing  into  conglomerate  with  a  base  of  calcareous  breccia. 
C3.  Lower  MottJed  Sandstone.      Soft  bright-red  and  yariegated  sandstone 

(without  pebbles). 
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Presidential  Addreas,  Geolo^cal  Section  of  British  Association,  1886. 
'  On  the  Constitution  aiidU\fttorj  ol  ^t\\&  wA%^^\wmj^^^I  Xi.8, 1881,  p.  27. 
«  Triassic  and  Penniaiv  B.ocka  oi  \Xi^  U\^\wA  ^wmias^  ^\  '^ja^^asi^  ^^«m\t^  ^ 
the  Geol.  Survey,  lbe9,  p.  \0. 
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f  1.  Upper  Penman.     Red  marlB  with  thin-bedded  fosnlifennu  limestoneB 
(Manchester). 
^  g  /   Red  and  variegated  sandstone  (Collyhurst,  Manchester), 
n    S  'a  )    Reddish-brown  and  purple  sandstones  and  marls  with  calcareous 
\3  i  I       conglomerates  and  trappoid  breccia  (Central  Counties). 

Previous  to  Prof.  Hull's  inyestigations  no  subdivisions  had  been 
recognized  in  the  Lower  Trias  or  Bunter  Sandstone,  but  that  geologist, 
as  the  result  of  an  extensive  survey,  considered  that  there  were 
well-marked  lithological  differences  in  the  beds  which  justified  a 
classification  into  three  horizons,  namely,  —  1  Lower  Mottled 
Sandstone ;  2  Pebble  Beds ;  3  Upper  Mottled  Sandstone.  It  is 
upon  this  scheme  that  the  Geological  Survey  maps  were  and  have 
since  been  constructed. 

Considering  the  difficulties  of  the  survey,  much  of  the  country 
being  deeply  drift-covered,  the  maps  have  fairly  represented  the 
geology  of  the  areas  surveyed,  especially  in  those  localities  where 
the  outcrop  could  be  studied.  It  is  in  those  places  where  the  nature 
of  the  rocks  could  only  be  ascertained  by  boring  that  the  weak  points 
of  a  classification  founded  on  lithological  dififerences  has  naturally 
developed  itself. 

In  view  of  the  numerous  borings  for  water  supply  and  for  other 
purposes  since  made  in  Lancashire  and  Cheshire,  certain  modifica- 
tions have  had  to  be  made  in  the  colouring  of  the  maps  showing 
the  distribution  of  the  subdivisions  of  the  Bunter,  and  in  some  cases 
it  is  impossible  to  make  the  maps  conform  to  nature  and  be  logically 
consistent  with  the  classification.  Far  be  it  from  me  to  in  any  way 
seem  to  detract  from  the  merits  of  the  early  attempts  to  conquer 
difficulties,  especially  where  any  classification  is  surrounded  with 
pitfalls  as  it  is  in  this  case.  It  is  a  trying  time  for  the  geological 
surveyor  when  he  is  asked  to  predict  the  strata  likely  to  be  met 
with  in  a  given  bore-hole,  yet  this  is  what  is  demanded  from  a 
geological  map ;  and  if  it  occasionally  errs,  can  we  wonder  ? 

CharaeterisiicB  of  the  Triassic  Sandstones. 

For  the  purposes  of  this  paper  it  will  not,  however,  be  necessary 
to  discuss  these  refinements  of  subdivision.  I  propose  to  treat 
principally  of  the  Bunter  Sandstone  and  its  mode  of  origin,  and 
with  this  object  in  view  it  will  be  sufficient  to  look  upon  it  as  a 
massive  agglomeration  of  siliceous  sandstones  of  varying  fineness 
or  coarseness  of  grain,  sometimes  rounded,  sometimes  angular,  more 
or  less  coloured  by  peroxide  of  iron,  and  often  cemented  together  by 
secondary  silica,  or  having  crystalline  growths  thereon  in  optical 
continuity  with  the  original  quartz  of  the  grain,  even  though  the 
grain  may  have  been  previous  to  deposition  well  rounded  by  attrition 
of  the  surface.  Within  the  interstices  of  the  stone,  and  probably 
combined  with  the  colouring  matter,  is  a  deposit  of  calcareous  matter 
consisting  of  carbonate  or  sulphate  of  lime,  sufficient,  after  continual 
circulation  of  water  in  the  rock  when  brought  about  by  artificial 
means,  such  as  pumping,  to  impart  a  considerable  amount  of  tem- 
porary and  permanent  hardness  to  the  vf  a\AT. 
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If  we  «dd  to  theae  dhaiaoteristioB  the  ooonrmioe  of  wdl-iomided 
pebbles  of  liver-ooloared  and  of  dear  tranelocent  qaartate,  wbite 
vein  qaartz,  and  other  bard  rooks,  from  the  eize  of  wahiats  to  an 
oocaaional  specimen  having  a  longer  diameter  of  four  or  five  inches, 
we  shall  have  exhausted  oar  lithologioal  description. 

It  is,  however,  to  be  specially  noted  that  these  pebbles  ooonr  often 
sparsely  distribated  throngh  the  rock,  sometimes  in  nests,  and  in 
other  cases  in  such  nambers  as  to  deserve  the  name  of  "conglomerate 
beds  "  given  to  them  by  Professor  Hall. 

So  far  as  my  experienoe  goes,  the  liver-ooloared  qaartzite  pebbles 
are  confined  to  the  Banter  Sandstones ;  bat  I  have  not  been  able  to 
satisfy  myself  so  far  that  these  pebbles  oocar  at  a  definite  horizon 
in  the  Banter,  except  locally  speaking.  Indeed,  I  am  madh  inclined 
to  believe  that  in  some  oases  the  theory  of  the  pebbles  being  confined 
to  a  central  sabdivision  has  led  to  a  misinterpretation  of  these  rocka 

Speaking  broadly,  there  is  a  distinct  liUiological  difference  be- 
tween the  Reaper  and  the  Banter;  for  slthoagh  in  most  cases  it 
woald  not  be  possible  to  distingaish  the  rocks  in  looal  specimens,  we 
cannot  point  to  any  rocks  in  the  Bonter  which  woald  be  mistaken 
by  a  practical  man  for  Storeton  or  Grinshill  bnilding-stone.  The 
transition  from  the  Banter  to  the  Reaper  is  also  more  marked  than 
between  beds  of  the  Banter,  nor  is  there  in  the  Banter  any  eqaiva- 
lent  of  the  Waterstones  of  the  New  Red  MarL 

The  Bunter  is  evidently  a  sandstone  deposit,  while  the  Reaper, often 
beginning  with  a  conglomerate  bed,  shades  off  into  a  lithologically 
distinct  stone  succeeded  by  thin-bedded  sandstones,  and  finally  by  the 
great  deposit  of  saliferous  marls.  These  physical  peculiarities  are 
well  known  to  geologists  who  have  worked  these  rocks ;  but  it  ii 
necessary  for  my  argument  to  restate  them  in  this  connected  form. 

Theory  of  the  Origin  of  the  TViaaatc  Bocks. 

Hitherto  I  have  said  nothing  of  the  topographical  relations  of  the 
Triaseio  rocks ;  bat  as  the  distribotion  of  the  sandstones  specially 
bears  upon  their  origin,  this  cannot  be  neglected.  Unfortunately  of 
the  arid  sandy  region  of  Central  Asia,  which  it  is  suggested  best 
explains  the  mode  in  which  these  Triassic  Sandstones  have  aocnmn- 
lated,  not  much  is  known.^ 

If,  however,  the  Bunter  Sandstone  is  a  riverine  deposit,  we  would 
expect  it  to  follow  well-marked  topographical  features.  Althoogh 
there  have  been  great  orographic  changes,  some  folding,  and  much 
faulting  since  the  Triassic  age,  certain  great  features,  such  as  the 
Pennine  Chain,  still  remain  in  a  modified  form. 

If  we  try  in  imagination  to  reconstruct  a  river,  valley  or  valleys, 
or  even  a  sandy  plain,  representing  the  deposits  as  they  are  conceived 

'  The  following^  papers  bearing  upon  the  subject  are  well  worthjr  of  study:  "  On 
the  Nature 
Deserts 

and  Lacustrine 

Jdid,  pp.   441-71. — "JouTtvtti  A.cxo«&  Ceiitral  kAva^***\^  Lieut.    Tounghusband, 
describing   Gravels   from  t\iQ    KVVai  l&o\vxi\&\&&  «xA  ^^^^^£^21^  ^v^^  Vii^  ^«cks^> 
"J^ature,"  1888,  May  17,  pp.  ^b-^a. 
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to  have  been  laid  down  on  the  riverine  hypotheeia,  we  are  met  with 
nnmerous  diffioolties,  which  I  for  one  find  it  impossible  to  solve. 
The  Triassio  Sandstones  are  found  on  both  sides  of  the  Pennine 
Chain ;  they  oocnpy  valleys  in  older  formations  such  as  the  Yale  of 
Clwyd,  where  they  are  flanked  by  Silurian  hills,  and  in  the  Yale 
of  Eden  by  the  Carboniferous ;  and  everywhere  they  appear  to  follow 
what  seem  to  be  the  remains  of  the  orographic  oontours  of  the 
ancient  land.  So  far  as  my  experience  goes,  there  is  a  general 
tendency  for  the  sandstones  to  thin  o£F  against  these  boundaries  of 
more  ancient  rooks,  even  where  these  boundaries  are  represented 
by  faults.  No  doubt  the  Triassio  deposits  formerly  overlapped  their 
present  boundaries  to  a  considerable  extent;  but  there  is  a  limit  to 
this  where  they  abut  against  high  ground,  for  there  is  every  reason 
to  believe  that  the  pre-Triassic  rooks  preserve  in  many  respects  their 
pre-Triassio  orography. 

My  study  of  the  origin  of  mountain-ranges  has  oonvinoed  me  of 
the  permanence  of  the  more  pronounced  orographic  features  of  a 
country,  or  what  may  be  called  lateral-pressure  upheavals,  which, 
while  modified  by  faulting  and  denudation,  can  only  after  a  lengthened 
period  be  finally  destroyed  by  these  combined  agencies.  From  these 
considerations  it  is  highly  probable  that  the  Triassio  rocks  which 
remain  represent  the  deeper  part  of  the  basins  in  which  they  were 
laid  down,  and  that  they  never  encroached  extensively  on  the  Pennine 
Chain  or  the  high  land  of  North  or  South  Wales. 

In  the  case  of  more  extensive  and  widespread  deposits  it  is  the 
thickest  parts  that,  being  upheaved  into  mountain  ranges,  have  been 
most  quickly  destroyed  by  denudation.  The  Triassio  rocks  have 
not  been  affected  in  this  manner,  and  therefore  retain  in  a  certain 
degree  the  basin-like  form  in  which  they  were  deposited. 

One  of  the  most  remarkable  features  of  the  Triassio  Sandstones 
is,  speaking  broadly,  the  persistency  with  which  their  lithological 
characters  bold  out  over  extensive  areas,  and  their  apparent  independ- 
ence of  the  bed-rock  on  which  they  lie,  or  that  of  the  hills  bounding 
the  valleys  containing  them.  Yery  few  pebbles  of  the  surrounding 
rocks  are  found  in  the  Pebble-beds  of  the  North-west  of  England,  and 
it  is  mostly  in  the  Midland  Counties  where  any  considerable  pro- 
portion of  local  rocks  occur  in  the  conglomerate  beds.  On  the 
other  hand,  the  Permian  beds  underlying  them  are  often  largely 
made  up  of  local  rooks ;  instance  the  limestone  breccia  of  Alberbury, 
composed  almost  wholly  of  fragments  of  Carboniferous  Limestone, 
or  the  somewhat  similar  "  Brockram  "  of  the  Yale  of  Eden. 

Could  we  with  any  certainty  localize  the  origin  of  the  materials 
of  the  sandstones,  a  considerable  step  would  be  made  towards 
unravelling  this  knotty  problem ;  but  even  as  regards  the  contained 
quartzite  pebbles,  one  set  of  observers  contend  that  they  came  from 
the  north,  another  from  the  south,  while  a  third  considers  that  they 
have  been  derived  from  the  destruction  of  rocks  in  Mid  England.^ 

It  would  certainly  seem,  whatever  be  the  direction  from  which 

^  Bee  BoDuey,  Addreea  to  the  Geological  %ec^\i  ol  '&i\>a^  Ks9tfxs^«&^^^^%^^^ 
and  Obol.  Mao.  1883.  p.  199;   1888,  p.  B5.— UaitWm, 'Srw^  ^\rEEL\».'^^ 
8oo.  1882,  roL  iu.  p.  167.— Hull,  Geol.  Mho.  \%&^,^.  *2A^. 
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the  pebbles  hare  traTelled,  that  they  are  the  prodaot  of  other  aicM, 
and  this  will  bold  good,  whether  they  reenlted  from  the  direct 
destruction  of  quartzite  rock,  or  are  of  secondary  deriTation  from 
a  pre-existing  conglomerate. 

In  framing  a  ^eory  of  the  origin  of  the  Bnnter  Sandstone,  it 
appears  to  me  that  we  cannot  altogether  detach  it  from  a  oonsideia- 
tion  of  the  underlying  Permian. 

Before  these  Permian  deposits  were  laid  down,  and  during  the  time 
of  accumulation,  extreme  denudation  of  the  Carboniferous  rocks  took 
place,  and  much  of  the  material  was  derived  from  them  ;  but  on  the 
incoming  of  the  Trias,  the  materials  became  of  a  more  uniform 
character,  and  were  to  a  large  extent  of  distant  orifi^in.  It  is  not, 
however,  improbable — nay,  it  is  extremely  likely — that  the  drainage 
or  leaching  of  the  Carboniferous  rocks  may  have  supplied  the  per- 
oxide of  iron  with  which  the  grains  are  coated,  and  which  gives  the 
sandstones  their  distinctive  colour.  We  know  also,  for  the  records 
are  unmistakable,  that  an  enormous  mass  of  Carboniferous  sand- 
stones and  g^ts  have  been  stripped  from  the  Pennine  Chain  by 
denudation,  and  it  is  not  unreasonable  to  ask  what  became  of  the 
resultant  sand  during  Triassio  times.  The  same  may  be  said  of 
the  Old  Bed  Sandstones  of  Herefordshire  and  the  Quantocks.  It 
would  indeed  seem  incredible  if  these  important  formations  did 
not  yield  their  quota  of  sand  to  the  Trias,  though  the  absence  of 
Carboniferous  sandstone  boulders  in  the  Trias  is  remarkable.  May 
they  not  have  been  ground  to  sand  by  currents  which  we  know 
were  capable  of  rounding  the  hard  quartzite  pebbles?  It  appears 
to  me  that  neither  the  distribution,  the  uniform  character,  nor  the 
great  thickness  of  the  Bunter  Sandstone,  accords  with  the  subaerial 
river-delta  theory. 

No  instance  t^at  I  am  aware  of  has  been  recorded  of  the  finding 
in  Triassio  Sandstones  of  anything  like  a  river-channel.  It  is 
difficult  to  conceive  of  a  river  unless  fed  from  some  very  peculiarly 
constructed  rocky  area  bringing  down  nothing  but  sand.  The  Nile 
does  not  do  it ;  on  the  contrary,  it  covers  the  desert  sands  with  fine 
mud.  On  the  other  hand,  the  subaerial  building  up  of  sandstones, 
proved  by  the  boring  at  Bootle  to  be  over  1200  feet  thick,  does  not 
seem  to  be,  considering  what  has  been  preserved  of  the  orographic 
features  of  the  time,  a  very  plausible  supposition. 

While  considering  with  many  other  geologists  that  the  lacustrine 
theory  of  the  origin  of  the  Bunter  Sandstones  may  be  dismissed  as 
altogether  inadequate  to  account  for  the  great  prevalence  of  current 
bedding,  the  presence  of  well-rounded  quartzite  and  other  pebbles, 
and  the  absence  of  marl  except  in  occasional  thin  beds,  the  substituted 
riverine  theory  seems  to  me  to  fail  for  the  reasons  already  given. 
So  far  I  have  indulged  principally  in  destructive  criticism,  pro- 
verbially the  easiest  sort  of  work,  but  not  on  that  account  less 
necessary  iu  an  attempt  to  arrive  at  truth.  I  have,  however,  else- 
where already  indicated  an  alternative  theory,^  which  I  submit  in 
more  detail  for  the  conaideiBAioii  ol  \xi^  XywfOciw  %^riv^^^\s^. 

»  Phyuiography  of  llieT™«^<i^«^^>''^^'«^^'^^^^ 
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If,  as  I  have  reason  to  belieye,  the  Triassio  deposits  of  the  North- 
west of  England  as  thej  now  exist  fill  up  the  sites  of  pre-Triassio 
basins  and  valleys,  the  absence  of  underlying  Permian  rocks  over  a 
large  area  surrounding  Liverpool  is  a  remarkable  fact  The  Bunter 
Sandstone  was  proved  to  be  at  least  1200  feet  thick  in  the  Bootle 
boring,  and  the  additional  200  feet  of  sandstones  and  marls  below 
that  depth  did  not  present  any  decided  Permian  characteristics. 
They  became  gradually  more  calcareous  and  of  a  deeper  purple  colour. 

It  is  on  the  margin  of  the  Triassic  deposits  that  the  undoubted 
Permians  occur,  and  these  facts  would  seem  to  point  towards  an 
unconformity  between  the  Trias  and  the  Permian.  If  this  be  a 
legitimate  deduction,  the  Permian  rocks  must  have  been  largely 
removed  by  denudation  from  these  valleys  before  the  Trias  was 
laid  down. 

Whence  then  came  the  physical  change  which  turned  the  valleys 
into  areas  of  deposit  ?  If  they  were  filled  up  in  the  way  the  sub- 
aerial  delta  theory  requires,  we  shall  have  to  postulate  the  existence 
of  very  high  land,  probably  of  a  granitic  nature,  for  a  river  could 
not  pile  up  a  homogeneous  delta  of  sand  and  pebbles  from  1200  to 
2000  feet  thick  without  having  a  considerable  gradient  If  then 
such  a  plateau  or  Alpine  range  then  existed,  what  has  become  of  it  ? 
Why  should  it  have  been  destroyed,  when  a  lesser  orographic 
feature  like  the  Pennine  Chain  remains  ? 

If,  however,  we  look  upon  the  areas  in  Lancashire  and  Cheshire 
occupied  by  the  Triassic  rocks  as  subsided  valleys  forming  arms  of 
the  sea  in  Triassic  times,  and  we  can  show  with  a  reasonable  degree 
of  probability  that  sandstones  having  the  characteristics  of  the 
Bunter  could  be  laid  down  under  such  conditions,  we  shall  have 
advanced  a  considerable  step  towards  a  solution  of  the  problem. 

I  have  shown  that  tidal  action  affects  the  bottom  of  the  sea  to  the 
profoundest  depths,^  and  is  especially  effective  in  embay ments  and 
straits.  The  Trias  of  Cheshire  and  partly  that  of  Lancashire  lies 
in  an  embayment  between  the  Carboniferous  mountains  of  Wales 
and  the  Carboniferous  hills  of  Lancashire  and  Cheshire,  and  this  is 
oonnecte<l  with  the  Birmingham  Triassio  Basin  and  the  strait-like 
neck  of  Trias  at  Bridgenorth. 

Indeed,  if  a  subsidence  of  England  and  Wales  were  to  take  place 
now  to  the  extent  of  400  feet,  most  of  the  Triassic  deposits  would  be 
submerged,  and  the  embayment,  though  more  extensive,  would  ap- 
parently follow  or  be  concentric  with  the  Triassic  boundaries.  This 
has  long  appeared  to  me  a  remarkable  fact,  and  a  strong  testimony 
of  the  permanence  pf  certain  orographic  features  of  the  earth's  sur- 
face. In  this  connection  we  must  not  lose  sight  of  the  possibility 
of  a  great  extension  of  the  Triassic  Sandstones  existing  under  the 
bed  of  the  Irish  Sea.  Of  this  there  is  the  strongest  probability 
from  the  known  existence  of  bordering  deposits  of  Trias  on  the 
coasts  of  England,  Scotland,  and  Ireland,  sending  offshoots  up  the 
valleys  in  the  way  already  described. 

'  Tidal  Action  as  a  Geological  Cause,  ?tocee^,  ot  1?^^\.  ^«^.^.s»A^'VW\'\SSia5iL 
Action  MM  an  Agent  of  Geological  Change,  Pbii.  !A%^.  ^v^^  V^*^"^. 
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But  where  haTe  the  balk  of  the  materials  travelled  from  ?  If  we 
look  to  the  geological  straotare  of  the  lands  to  the  north,  there  do 
not  appear  to  exist  rooks  in  saffioient  quantity  of  a  natore  to  snpplj 
the  great  mass  of  quartsose  sand  constituting  so  lai^  a  bnlk  of  the 
Trias.  The  English  Channel,  judging  fh>m  &e  islands  dotted  sbont 
it  and  the  peninsula  of  Ck>mwall,  appears  to  be  a  granitic  snd 
gneissio  area,  and  it  is  possible  that  much  of  the  Triassio  Sands  may 
have  travelled  from  this  locality.  To  bring  this  material  through 
subaerial  denudation  within  the  distributing  grasp  of  the  tides  a 
regional  elevation  of  a  thousand  feet  would  be  largely  effective. 
It  would  become  a  land  area  supplying  quartz-grains  to  build  up 
the  sandstones  and  decomposed  felspar  as  a  contribution  to  the  marls. 

From  the  indestructibility  of  the  quarts-g^ins  they  would  last 
longer  and  travel  farther  than  the  other  mineral  oonstitnents  of  the 
rock.  Concurrently  with  this  elevation  the  land  occupied  now  by 
the  Triassio  deposits  must  have  been  relatively  depreesed,  giring 
entrance  to  the  sea  in  the  way  already  sketched  out 

It  may  possibly  be  urged  in  objection  to  this  view  that  there  is 
no  connection  between  the  Lower  Trias  of  the  South-west  of 
England  and  that  of  the  Midlands.  We  know,  however,  that  there 
is  as  regards  the  Upper  Trias  along  the  Severn  Valley,  and  it  is  quite 
likely  that  to  the  east  of  this  line  the  Lower  Trias  may  underlie  the 
Lias^  and  Oolites.  The  lie  or  disposition  of  the  overlying  formations 
favours  this  idea,  and  there  are  no  borings  to  disprove  it.  Any  one 
who  has  practically  attempted  to  prove  continuity  by  borings  over 
even  a  limited  area  knows  how  uncertain  the  method  is. 

It  is  also  not  impossible  that  the  anticlinal  ridge — not  necessarily 
an  impassable  barrier  of  Palaeozoic  rocks— connecting  the  Mendips 
in  Somersetshire  with  the  Belgian  Coal-fields,  so  sagaciously  pointed 
out  by  the  late  Mr.  God  win- Austen,  may  have  yielded  contributions 
to  the  Trias,  for  the  existence  of  Old  Red  Sandstone  in  this  ridge 
under  London  has  been  proved. 

May  not  some  of  the  quartzite  pebbles  have  had  their  origin  here 
also?  for,  as  already  stated,  they  diminish  in  size  and  number  as  we 
go  northwards.  Even  at  Market  Drayton  in  Shropshire  the  pebbles 
in  the  conglomerate  are  more  numerous  and  larger  than  in  Cheshire 
or  Lancashire.  Pebbles  of  quartzite  containing  fossils  similar  to 
those  of  Budleigh  Salterton  are  reported  by  Mr.  Jerome  Harrison 
and  others  as  occurring  in  the  Trias  of  the  Midlands  and  in  the  drift 
derived  therefrom,  llie  boulders  and  pebbles  of  Budleigh  Salterton 
also  appear  to  be  larger  on  the  average  than  those  of  the  Midlands, 
which  facts  seem  to  point  to  a  common  derivatioA  and  a  longer  travel 
of  those  of  the  Midlands.' 

^  See  records  of  some  remarkable  borings  in  Woodward's  <*  Geoloey  of  England 
and  Wales,"  second  edition,  facing  p.  612,  also  the  accompanying  G^logical  Map  of 
England  and  Wales. 

2  See  Quartzite  Pebbles  of  the  Drift  and  Triassic  Strata  of  England,  Proc.  of 

Birmingham    Phil.    Society,    vol.  iii.  p.   157  (1882) ;    On  the  Triassic  Rocks  of 

Somerset  and  DeTon,  W.  A.  E.  T3«&\i«t,  Q..3 .G.^, '^ol.  xiLxii.  ^.  867  (1876) ;   Notes 

on  the  Classification  ol  the  Tnassi^i  ^e^  ol  ^%  ^evjiOii-^  ^\.  ^\^«2Bi^^aaA^^.  ^. 

Woodward  Geol.  Survey  Memoir  oii^.^om«»\»«o^^^TN&\#J^<:^^MNsSi.^-^^^ 

Series  of  the  Devon  Coast,  IBLfev.  iL.lrdii^,^.^.^«^-^^^>  V^*^^- 
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Then  again,  as  before  stated,  although  Carboniferous  Sandstone 
boulders  are  soaroe  in  the  Trias  of  the  North-west  of  England,  we 
oannot  reasonably  ignore  the  fact  that  massive  sandstones  and  grits 
exist  in  the  Pennine  Chain,  whioh  have  been  subjected  to  vast  denu- 
dation. Considering  that  the  strong  current  bedding  indicative  of 
turbulent  water  action  is  one  of  the  characteristics  of  the  Triassic 
Sandstones,  and  one  of  its  difficulties,  may  we  not  reasonably  assume 
that  Sandstone  boulders  would  soon  get  ground  to  sand  ?  There  is 
very  little  of  the  marginal  boundary  of  the  Trias  left  in  the  North- 
west of  England,  and  it  is  in  this  fringe  that  Sandstone  boulders 
would  most  likely  occur.  Marginal  deposits  of  local  rocks  seem  to 
have  been  preserved  in  Somerset  and  Devon.^ 

Given  these  materials,  tidal  action,  as  I  have  proved  in  the  papers 
referred  to,  is  quite  capable  of  selecting,  distributing,  and  accumu- 
lating them  in  the  form  in  which  they  appear  in  the  Triassic  deposits. 

On  this  theory  we  are  not  limited  to  depth,  as  the  tidal  wave 
jpToduces  eurrenta  acting  through  the  full  depth  of  the  water  from  the 
surface  to  the  bottom,  and  current-bedded  sandstone  might  be  laid 
down  by  this  agent  at  «  depth  of  many  hundred  feet  and  over  very 
extensive  areas. 

These  ideas  relating  to  the  physiography  of  the  Triassic  period 
have  been  placed  before  the  Geological  Section  of  the  British  Asso- 
ciation simply  as  suggestions  for  their  consideration.  The  subject 
is  beset  with  difficulties,  but  in  solving  such  a  problem  all 
possible  agencies  must  be  tried  and  discussed. 

A  new  hypothesis  also  has  this  merit,  that  it  guides  men's  thoughts 
into  fresh  channels,  and  it  is  only  by  observations  renewed  again 
and  again  on  various  theoretical  lines  that  the  truth  can  be  at  last 
reached.  There  is,  doubtless,  one  objection  that  will  be  urged 
against  the  theory  here  set  forth,  namely,  that  it  does  not  account 
for  the  entire  absence  of  fossils  in  the  Bunter  Sandstone,  while  the 
subaerial  river- delta  theory  does. 

This,  doubtless,  is  one  of  the  many  difficulties  of  the  question ; 
but  on  the  other  hand  if  marine  fossils  had  been  found,  the  difficulty 
of  interpretation  would  not  have  existed,  nor  would  it  had  the 
sandstone  contained  fresh-water  remains.  This  argument,  although 
possessing  considerable  force,  is  only  one  of  negative  evidence  pro- 
verbially unsafe.  Also,  if  we  admit  marine  action,  it  does  not 
exclude  that  of  the  winds,  ^olian  deposits  would  be  certain  to  be 
extensively  developed  on  the  margin  of  such  sand-laden  waters,  and 
thus  sandstones,  which  do  not  contain  pebbles,  have  much  rounded 
grains  and  are  irregularly  current-bedded  may  be  due  to  wind-action. 

As  regards  the  Eeuper  Marls,  the  dessicated  lake  theory  fits  in 
well  with  their  characteristics,  and  it  may  be  that  the  Eeuper  Sand- 
stones show  the  gradual  passage  from  marine  to  fresh- water  con- 
ditions. The  upper  beds  of  the  Eeuper  Sandstones  show  well- 
developed  ripple-marks  which  are  not  common,  but  are  not  abso- 
lutely absent  in  the  Bunter.  The  replacement  of  massive  by  thin 
sandstone  heda,  and  the  intercalation  oi  «kWl<^,  \.Q^\X^«t  ^\^!c^  ^2s^s^ 

^  See  papen  akeBydi^  quo\»i. 


658  Noiiee$  of  Memmv—W.  H.  HudktUm— 

preieiioe  of  pfleadomorphs  of  chloride  of  ■odiom,  show  tiiat  a  new 
ooDdition  of  things  set  in  with  the  Eeuper.  In  oondusion,  I  may 
point  out  while  on  negative  evidence  that  the  absence  of  nline 
deposits  in  the  Banter  is  on  the  other  hand  against  the  sahaeriil 
river-delta  hypothesis,  as  the  sandy  deposits  to  whi<^  thej  aie  com- 
pared often  eventnally  absorb  the  nvers  which  create  them ;  and  this 
applies  to  the  North  of  Africa  as  well  as  to  the  Asiatic  erampla 


XToa?xcs38    OS"    3d:s33d:oxs43. 

The  Gkoloot  or  Devon,  Facts  ahd  Iittkeshces,  fbom  thi 
Pbbsidkhtial  Address  to  the  Devonshibb  Association.  Bj 
W.  £L  HuBLESTON,  Esq.,  F.B.S.,  SeaG-S.,  eta    Aogost,  1889. 

Pirt  II. 

{Omttui^i  fmm  KoPimbtr  Numhir^  p.  614.) 

Tavistock  Countet. 

11HE  geological  phenomena  in  the  neighboarhood  of  Tavistock  are 
of  such  interest  that  I  cannot  do  better  than  close  this  a<ldre88 
with  a  brief  allnsion  to  some  of  the  features  of  the  west  side  of 
Dartmoor,  and  the  adjacent  country. 

It  is  a  region  which  has  always  presented  peculiar  difficulties,  bat 
the  new  line  of  railway  in  course  of  construction  may  help  to  clear 
matters  up.  The  subject  can  be  grouped  under  four  headings: 
(1)  The  structure  of  the  country;  (2)  the  nature  of  the  basic 
igneous  rocks,  or  ''greenstones";  (3)  Dartmoor;  (4)  the  metal- 
liferous deposits. 

(1)  The  structure  of  the  country  on  the  west  side  of  Dartmoor 
differs  considerably  from  that  on  the  east  side,  more  especially  in 
the  fact  that  the  Devonian  beds  are  represented  as  dipping  towards 
the  sea  instead  of  away  from  it ;  at  least  this  is  the  case  for  several 
miles  immediately  north  of  Plymouth.  Further  towards  the  north, 
in  the  direction  of  Tavistock  and  beyond,  there  would  seem  to  he 
a  complexity  of  structure  unusual  even  for  Devonshire.  Con- 
sequently the  boundary  between  the  Devonian  and  Carboniferous, 
as  laid  down  in  the  Survey  Map,  may  be  subject  to  considerable 
revision.  Mr.  Worth  astonished  us  lately  at  the  Greological  Society 
by  the  statement  that  the  town  of  Tavistock  is  actually  on  the 
Carl)oniferous,  and  yet  that,  owing  to  a  complex  series  of  foldings, 
the  Devonian  rocks  are  brought  up  on  both  sides.  I  know  of  no 
spot  in  the  United  Kingdom  where  the  geological  boiindaiy-lines 
seem  to  be  so  much  under  discussion  at  the  present  moment 

Although  Mr.  H.  B.  Woodward,  in  the  map  attached  to  the 
'*  Geology  of  England  and  Wales,"  follows  De  la  Beche  in  assigning 
the  Brent  Tor  district  to  the  Carboniferous,  it  has  long  been  claimed 
as  Devonian  by  some  geologists.  These  views  are  perhaps  the 
result  of  Mr.  Rutley's  mteTeftlv[i^woxkon.the  schistose  volcanic  rocks 
west  of  Dartmoor,  deacrWieA.  «j&  ^ot«a».\\\\^  ^\  ^\A^^c^^^A^\!k:^  ^\n\^- 
flows,  tufifs,  and  tufaceoua  a^d\m«ii\A.  'T\i^\.  ^0!ki%  Oi^%  ^^.  t»^\^5w5^ 


Presidential  Address — The  Oeology  of  Devon,  559 

known  in  its  TeBionlar  form  as  ''  honeycomb  dunstone,"  was  of  a 
Tolcanio  nature,  had  long  ago  been  recognized  by  De  la  Beohe ;  but 
it  was  the  late  Mr.  John  Arthur  Phillips  who  first  clearly  demon- 
strated, in  his  classical  papers  on  the  Cornish  ''  greenstones,"  that 
many  of  these  beds  were  actually  lava-flows.  Mr.  Butley  went  a 
step  further,  and  considered  that  he  had  found  in  Brent  Tor  a  frag- 
ment of  one  of  the  old  volcanic  necks.  His  famous  diagram,  with 
its  column  of  ashes  flattened  by  the  wind,  described  by  himself  as 
as  "  a  chimsera  which  may  embody  a  certain  amount  of  truth,"  is 
familiar  to  all  geologists.  Nay  so  graphic  was  the  picture,  and  so 
convincing  the  arguments,  that  a  certain  Mr.  Thorpe  fancied  that 
he  had  corroborative  evidence  of  the  prevalence  of  the  south-west 
wind  in  Devonian  times,  because,  forsooth,  he  had  found  lapilli  from 
Brent  Tor  in  the  joints  of  a  limestone  at  Newton  Abbot. 

Let  us  express  a  hope  that  before  the  Association  next  meets  at 
Tavistock  the  boundaries  between  the  Devonian  and  Carboniferous 
may  have  been  made  as  clear  as  noonday,  and  accurately  laid  down 
on  a  six-inch  map,  which  shall  itself  be  a  model  of  chartography. 

(2)  We  must  now  take  into  consideration  the  nature  of  the  baste 
igneotis  rockst  commencing  with  those  which  are  interbedded,  most 
of  which  are  now  said  to  be  of  Devonian  age.  Before  doing  so  it 
will  be  necessary  to  say  a  few  words  about  the  "  killas,"  a  very 
loose  term  better  understood  by  miners  than  geologists.  Judging 
from  Mr.  Worth's  remarks  on  the  stratigraphical  relations  of  the 
Devonian  rocks  of  South  Devon,  most  of  the  ''killas"  of  this 
district  belongs  to  the  grey  and  drab  slates  intersected  by  lodes  and 
elvans,  which  was  described  by  Conybeare  as  the  metalliferous 
series  :  above  this  comes  a  group  more  variable  in  its  nature,  which 
is  especially  characterized  by  interbedded  volcanic  rocks,  and  Mr. 
Worth  suggests  that  the  Brent  Tor  series  may  belong  to  this  group  : 
above  these  again  are  the  purple  and  green  slates  immediately  under- 
lying the  Plymouth  limestone.  The  main  point  to  notice  is,  that 
the  whole  of  this  slaty  series  is  regarded  as  below  the  Plymouth 
limestone.  Consequently  it  must  belong  to  the  lower  part  of  the 
Middle  Devonian,  and  possibly  to  even  lower  beds.  Mr.  Butley, 
if  I  recollect  rightly,  regarded  the  Brent  Tor  series  as  possibly  in 
the  Upper  Devonian. 

The  interbedded  basic  igneous  rocks,  then,  are  placed  by  Mr. 
Worth  a  long  way  below  the  Plymouth  limestone ;  whereas  the  late 
Mr.  Champemowne,  in  an  interesting  posthumous  communication 
to  the  Geological  Society,  was  disposed  to  regard  his  Asbprington 
volcanic  series  as  above  the  main  limestone  of  that  district.  In 
reference  to  this  difference  of  opinion  two  points  seem  to  present 
themselves  for  consideration.  Firstly,  that  tiie  scbalsteins  need  not 
be  confined  to  any  particular  horizon  in  so  thick  a  series  as  the 
Middle  Devonian ;  secondly,  that  the  phenomena  of  extravasation, 
whether  interbedded  or  transgressive,  is  limited,  with  very  un- 
important exceptions,  to  the  southern  portion  of  the  county,  from 
wbeooe  the  line  of  igneous  products  maj  \>^  \x%ofe^  yi\\j^  ^w?a.>w'«iX. 
Henoe  the  area  of  erupted  rock  is  local,  auSi  \o  ^  Q«t\«fica.  «iXkc^. 
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linear,  and  is  probably  not  absolutely  confined  to  any  partknlar 
geological  borison. 

The  interbedded  basic  igneoos  rocks  have  been  described  by 
numerous  antbors,  and  tbeir  general  petn^^phic  featnres  are  &irly 
well  known.  In  Northern  Cornwall,  aoooxding  to  Mr.  J.  A.  Phillips, 
these  ancient  lavas  are  called  "danstones."  Specimens  analysed 
by  him  were  found  to  contain  42  per  cent  of  silica,  over  20  per 
cent  of  alumina,  and  the  alkali  is  almost  entirely  soda :  the  amount 
of  lime  is  nearly  twice  that  of  magnesia,  and  Uiere  is  over  12  per 
cent,  of  protoxide  of  iron.  From  a  chemical  point  of  view  these 
rocks,  then,  are  allied  to  the  basalts. 

The  intrusive  "greenstones"  are  classed  by  Mr.  Wortb  under 
three  heads.  They  are  sporadically  developed,  but  seem  to  be  most 
numerous  and  of  the  largest  size  in  the  vicinity  of  Dartmoor :  they 
are  believed  to  be  older  than  the  Dartmoor  granite,  which  is  said  to 
alter  them.  If  the  Survey  mapping  is  correoty  the  soHsalled  gabbros 
between  Marytavy  and  Wapsworthy  occur  in  Carboniferous  rocks, 
and  must  of  course  be  younger  than  the  beds  into  which  they  are 
intruded.  These  gabbros,  Mr.  Worth  considers,  are  the  vestiges  of 
a  widespread  pre-Dartmoor  igneous  activity,  producing  basic  rocks. 
He  points  out  that  their  relations  to  the  granite,  both  here  and  in 
Cornwall,  are  too  persistent  to  be  accidental,  and  he  suggests  that 
they  may  represent  the  basic  forerunners  of  the  more  acidic  granites. 
The  age  of  the  rocks  into  which  the  Marytavy  ''gabbros"  have 
been  injected  still  remains  to  be  settled,  but  the  notion  that  either 
they  or  the  granites  have  brought  up  the  lowest  stratified  rocks  is 
not  borne  out  by  experience  in  other  parts  of  the  area  round 
Dartmoor. 

(3)  Having  now  cleared  the  way  a  little  by  a  brief  glance  at  the 
containing  rocks,  we  are  in  a  position  to  attempt  the  study  of  Dart- 
moor  itself,  that  supreme  monument  of  the  old  eruptive  forces. 
Dartmoor,  as  every  one  knows,  is  contained  partly  in  Devonian  and 
partly  in  Carboniferous  rocks,  and  from  the  position  of  the  Posido' 
fioin^a-beds  it  is  probable  that  the  lower  part  of  the  Carboniferous 
adjoins  the  granite.  Mr.  Ussher,  speaking  of  the  beds  on  the 
northern  and  eastern  flanks  of  Dartmoor,  observes  that  the  Culm- 
rocks  dip  off  the  granite  above  Belstone  in  a  marked  manner.  He 
also  says  that  the  Culm-rocks  on  the  north  are  roughly  parallel  in 
their  strike  to  the  margin  of  the  granite,  whilst  on  the  east  and  west 
their  strike  is  cut  off,  so  to  speak,  by  the  granite  or  else  deflected. 
These  considerations  are  of  importance  as  showing  how  the  granite 
lies  in  its  case. 

From  what  has  already  been  said,  it  is  perfectly  clear  that  this 
granite  is  in  nowise  connected  with  anything  of  the  nature  of  an 
anticlinal  axis  bringing  up  older  rocks.  In  fact  on  the  east  side, 
where  it  abruptly  terminates,  its  relations  to  the  adjacent  country 
are  almost  those  of  a  synclinal.  On  the  Tavistock  side  its  relations 
with  the  adjacent  oountty  axe  more  obscuiQ,  owing  to  the  stratigraphy 
of  the  district  being  as  ^et  \mde^«ttK«i^.  '\!L^x«i^«t^^«tfeSs^^x5^ 
bablj  underground  oomieciVoxi  ow  1\a^  ^x^^.^eosw^^^SsM^Xx^^ 
^ith  the  granite  boas  oi  Brown  ^V^i^. 
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The  above  oonsiderations  tend  to  show  that  the  relations  of  the 
granite  to  the  surrounding  rocks  are  somewhat  peculiar,  and  that  it 
is  not  exactly  easy  to  frame  a  theory  to  satisfy  all  the  conditions. 
The  composition,  which  is  that  of  a  normal  potash  granite,  and  the 
contact  phenomena,  are  clearly  against  the  notion  of  any  large 
absorption  of  the  containing  rocks,  such  as  are  now  accessible  to 
observation.  There  has  been  much  nonsense  talked  about  granites 
being  the  result  of  the  extreme  metamorphism  of  the  beds  in 
which  they  occur.  Mr.  J.  A.  Phillips  in  his  paper  "  On  the  Hocks 
of  Cornwall  in  relation  to  Metalliferous  Deposits "  ^  showed  very 
clearly  that,  although  the  different  kind  of  killas  vary  materially  in 
composition,  under  no  circumstances  could  the  mere  re-arrangement 
of  the  constituents  result  in  the  production  of  granite. 

He  gives  a  table  with  the  chemical  compositions  of  ten  varieties 
of  Coi-nish  killas,  showing  a  range  in  silica  from  33  to  68  per  cent 
and  of  alumina  from  10  to  24  per  o6nt.  The  alkali  is  mainly  soda, 
and  of  this  there  is  a  considerable  amount  in  some  specimens,  pointing 
to  the  conclusion  that  killas  has  been  largely  derived  from  the  dis- 
semination of  very  fine  volcanic  matter  of  a  basic  composition. 
This  coincides  with  the  prevalence  of  contemporaneous  volcanic 
phenomena.  It  is  worth  noting  that  the  roofing-slate  of  Delabole 
affords  an  exception  to  this  rule,  in  containing  more  potash  than 
soda. 

As  there  is  no  reason  to  suppose  that  the  early  chemical  history  of 
the  Dartmoor  granite  differs  materially  from  that  of  the  Cornish 
granites,  their  sources  must  have  been  deep-seated,  and  they  must 
have  originated  under  the  ordinary  conditions  which  produce  the 
granitic  magma,  whatever  those  may  be.  The  main  questions  re- 
maining to  be  considered  are  the  period  and  circumstances  under 
which  the  Dartmoor  granite  assumed  its  present  position. 

There  is  no  evidence  at  present,  as  far  as  I  know,  which  would 
enable  us  to  fix  the  period  any  nearer  than  the  somewhat  vague  date 
"  the  close  of  the  Carboniferous."  Dr.  Barrois  says  that  many  of 
the  Brittany  granites  are  of  Carboniferous  age.  But  in  the  case  of 
Dartmoor  it  is  probable  that  the  great  foldings  of  the  Heroynian 
mountain-system  had  been  mainly  effected,  and  the  synclinal  of 
Devonshire  formed,  before  the  granite  was  insinuated.  In  position 
the  mass  of  Dartmoor  is  outside  the  axis  of  the  Cornish  granite ; 
if  their  alignment  was  followed  the  centre  of  Dartmoor  would  be 
about  Hatherleigh.  Hence  the  stratigraphioal  position  differs  some- 
what from  that  of  the  Cornish  granites,  although  possibly  their  age 
may  be  quite  the  same.  It  is  enough  to  know  that  an  immense 
physical  revolution  was  effected  all  over  the  British  Isles  between 
the  close  of  the  Carboniferous  and  the  beginning  of  the  Permian, 
and  the  intrusion  of  the  Devon-Cornwall  granites  must  have  taken 
place  either  then  or  in  early  '*  red  rock  "  times. 

Next,  as  to  the  circumstances  under  which  the  Dartmoor  granite 
found  its  way  into  its  present  position.   Last  year  Mr.  Ussher  treated 

^  Quart.  Joum.  Geol.  Soc.  \o\.  xxxX.  ^.  ^\^. 
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ihiB  great  qnestion  with  obataoteristio  ingenoity,  and  showed  prettj 
oonclusiTely  that  neither  the  punching  theory  nor  the  abeorptioQ 
theory  would  meet  the  facts  of  the  case.  De  la  Beohe  gave  as  a 
Taluable  hint,  as  indeed  he  was  in  the  habit  of  doing,  when  he 
inferred  that,  owing  to  the  volcanic  actiyitiee  which  had  proTailed 
in  the  area  during  the  deposition  of  the  Palaaosoic  series,  a  line  of 
least  resistance  to  a  body  of  granite,  impelled  upwards,  might  have 
been  formed.  In  this  way  the  granite  of  the  great  bosses  may 
have  been  forced  through  ground  already  weakened  as  the  site  of  old 
Yolcanic  vents — such  as  Brent  Tor,  we  might  add. 

Of  course,  it  must  be  remembered  that  the  contacts  we  now  see 
only  represent  a  certain  stage  in  the  relations  between  the  granite 
and  its  case.  A  million  years  ago,  when  the  country  was  much 
higher  relatively,  the  contacts  may  have  presented  a  somewhat 
different  phase,  whilst  it  is  certain  that  those  who  are  able  to  inspect 
the  contacts  after  another  million  years  of  atmospheric  denndation, 
will  at  least  get  much  nearer  to  the  roots  of  the  matter.  As  far 
as  I  am  able  to  judge  from  Mr.  Ussher's  descriptions,  there  are 
indications  of  a  considerable  lateral  thrust  on  the  north  and  on  the 
south  side  of  the  mass,  parallel  to  the  mean  strike  of  the  enclosing 
beds,  lliis  looks  very  much  as  if  the  main  displacements  which 
took  place  were  lateral,  the  beds  yielding  to  the  pressure  gradually, 
and  thus  helping  to  intensify  the  flexing  of  the  district. 

How  far  the  evidence  is  in  favour  of  Mr.  Ussher's  suggestion  that 
Dartmoor  is  a  laccolite,  insinuated  at  the  junction  of  Devonian  and 
Carboniferous  rocks,  I  am  unable  to  say.  This  seems  a  somewhat 
ignominious  termination  to  a  career  which  patriotic  Devonians  have 
regarded  as  nothing  less  than  the  plutonio  supply-pipe  of  a  regular 
volcanic  cone,  more  lofty  than  that  of  Etna.  Possibly  the  two 
theories  may  be  reconciled  by  regarding  the  supposed  laccolite  as  a 
kind  of  reservoir,  or  local  thickening  in  the  pipe. 

It  was  Professor  Honney  who  first  set  the  Devonshire  geologists 
on  the  look-out  for  the  vestiges  of  the  great  Devonshire  volcano. 
Not  a  mere  Brent  Tor  this  time,  erupting  its  lavas  into  the  Devonian 
Sea,  but  one  of  a  line  of  lofty  peaks  of  far  later  date.  "  Among  the 
many  excellent  geologists  and  enthusiastic  students  of  the  West  of 
England,*'  said  he,  '*  is  there  no  one  who  will  undertake  to  replace 
the  covering  which  has  been  stripped  from  the  granitic  bosses?'* 
He  also  indicated  that  a  thorough  study  of  the  •*  red  rocks  *'  of 
Devonshire  would  yield  important  results  in  this  direction. 

Mr.  Worth  is  amongst  those  who  have  responded  to  this  challenge, 
a  circumstance  to  which  allusion  has  already  been  made  in  dealing 
with  the  New  Red  question.  It  is  somewhat  singular  that  if  there 
really  was  a  volcanic  cone  covering  the  Dartmoor  pipe,  the  traces  of 
it  should  have  to  be  sought  at  the  eleventh  hour  in  the  **  red  rock  " 
breccias.  These  ought  to  be  full  of  unmistakeable  fragments  of  old 
acidic  lavas,  and  of  the  felsites  which  are  structurally  intermediate 
between  such  lavas  and  gtwoW.^.  '^q^kWv-^  tSsNa  ^axit  of  adequate 
petroirrapbio  knowledge  ma^  \iv»e  VvCftetV^  t^Vw^^  ^^  ^>sRRi^^x^> 
and  we  naturally  a^ail  t^ie  xeauW.  oU^x^V^xVt.'s^Va^nx^^^. 
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Bat  Mr.  Worth  bimself  has  sopplied  evidenoe  which  goes  far  to 
explain  the  presence  of  remnants  of  felsitic,  and  even  of  volcanic 
rocks,  in  accumulations  more  recent  than  the  "  red  rock  '*  breccias. 
Such  remnants  are  much  more  likely  to  have  been  derived  from  the 
el  vans,  which  form  so  characteristic  a  feature  in  the  country  between 
the  Dartmoor  and  Brown  Willy  granites,  and  some  of  which  probably 
reached  the  surface  in  a  more  glassy  condition  than  the  portions  now 
accessible  to  operations.  Besides,  even  the  existing  dykes  are 
represented  in  some  cases  as  developing  a  semi-vitreous  ground-mass 
with  porphyritically  imbedded  crystals. 

Theoretically  it  is  extremely  probable  that  the  granite  bosses  of 
Devon  and  Cornwall  may  have  passed  upwards  into  volcanic  rocks, 
and  that  consequently  they  represent  a  line  of  eruptive  vents 
which  were  possibly  active  in  Permian  times,  or  those  immediately 
preceding.  But  the  petrological  evidence  alone  is  not  conclusive. 
If  we  suppose  that  the  ''  red  rock  "  breccias  are  of  Trieissic  and  not 
of  Permian  age,  all,  or  nearly  all,  traces  of  the  volcanoes  might  have 
been  removed  before  the  breccias  were  accumulated.  Clearly  the 
granite,  with  its  characteristic  crystals  of  orthoclase,  had  been  laid 
bare  when  the  beds  containing  Murchisonite  were  deposited. 

As  regards  the  composition  of  the  Dartmoor  granite,  the  accessory 
minerals  such  as  schorl,  and  the  proneness  of  portions  to  kaoliniza- 
tion,  are  especially  noteworthy.  This  latter  feature  has  a  tendency 
to  produce  unequal  weathering,  and  it  is  not  at  all  improbable  that 
the  Tors  are  in  a  great  measure  due  to  the  unequal  weathering 
brought  about  by  this  cause.  They  represent  portions  which,  in  the 
hour  of  trial,  were  harder  and  perhaps  chemically  more  stable,  and 
consequently  less  liable  to  disintegration.  The  forms  of  the  Tors, 
as  was  pointed  out  by  Prof.  Bupert  Jones  and  more  recently  by 
Mr.  Ussher,  have  been  largely  determined  by  the  arrangement  of 
divisional  planes,  the  mass  being  intersected  by  what  the  latter  calls 
impersistent  cracks,  running  more  or  less  horizontally  and  crossed 
vertically  or  obliquely  by  joints.  Variation  in  the  direction  of  these 
joints  is  accountable  for  much  of  the  variety  in  the  Tors  themselves. 
(4.)  The  Metalliferous  Deposits. — The  abundance  of  schorl,  espe- 
cially on  the  edges  of  the  granite,  and  the  kaolinization  of  the 
felspars,  are  indirectly  connected  with  the  last  subject  which  it  is 
proposed  to  bring  to  your  notice ;  viz.  the  origin  of  the  metalliferous 
deposits  for  which  this  region  is  so  famous. 

It  is,  I  believe,  admitted  that  the  great  east-and-west  fissures 
through  which  the  elvanite  has  been  injected  were  formed  after  the 
consolidation  of  the  main  mass  of  the  granite,  though  their  chemical 
composition  points  to  their  having  been  derived  from  the  same 
magma  as  the  granite.  The  next  step  in  this  curious  underground 
history  appears  to  have  been  the  formation  of  a  series  of  empty 
fissures,  most  of  them  having  a  more  or  less  east-and-west  orienta- 
tion. And  now  commenced  a  fresh  set  of  phenomena  which,  in  an 
extremely  modified  sense,  may  be  said  to  Ite  still  Ixi  Q^tQA.\Qv^« 

The  Sssuring  of  this  region  was  pxo^^JcA'^  ^xxa  \o  t^»r}cvw\.  ^Kv^ 
the  strain  consequent  on  the  ay  stem  oi  io\ti\xi%»  \ft  ^V\^  ^^saw^ss^ 
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hu  been  bo  often  mails.     When  first  this  fisaurin)^,  or  gaping  of  ■))« 

rocks,  occurrei),  there  was  a  supply  of  molten  etlJcatea  from  below 

I     more  than  Rufficient  to  fill  up  the  void.     Bat,  &»  often  happeoft  in 

I    Tolcanio  regions  of  modem  date,  the  last  stage  of  primary  activity 

t    ifl  represented  by  fissiiring  without  injection  of  molton  matter.     A 

I     ntimbor  of  open  onicka  are  thus  formed,  wbicb  favour  the  circulation 

of  untlei^ound  waters,  often  intensely  heated,  and  not  seldom  pass- 

'     iug  off  ns  condensed  steam  where  they  happen  to  reach  the  surface. 

I         In  Devonshire  and  Cornwall,  the  period  when  this  phase  was  at 

I     it*  height  occurred  most  likely  in  late  Permian  and  early  Tri ass ic 

I     tim«a.'     But,  aa  every  one  knows,  there  have  been  many  periods  of 

shifting  amongst  the  rocks;  and  doubtless  the  country  most  have 

<     particijiated   in    the  great  Tertiary  earth-creep  which    folded    the 

I    Downs  and  the  Isle  of  Wight,  about  the  same  time  that  the  Alps 

:    were  being  raised  into  a  mountain-chain.     EaoH  successive  move- 

I    ment  would  be  apt  to  produce  modifications  in  the  underground 

oii-culation,  cramping  it  here  and  stimulating  it  there ;  and  doubtless. 

as  the  tenipurature  decreased,  the  solvent  powers  of  the  waters  would 

diminish  slso. 

To  such  underground  circulation  in  old  volcanic  districts  like  this, 
most  of  the  phenomena  in  connection  with  metalliferous  veins  are 
due,  though  it  must  always  be  remembered  that  here  we  see  a 
plutonio  phase  of  what  were  voloanio  activities  at  higher  levels  in 
earlier  times.  Fifty  years  ago  Be  la  Becbe  and  the  first  Surveyors 
evinced  an  intense  interest  in  this  subject,  and  ia  the  Memoir 
already  referred  to  many  hypotheses  of  origin  are  diecuBsed.  Sinos 
those  days  the  world  has  been  revolutionized  in  more  ways  than 
one,  and  in  no  way  more  than  in  the  transfer  of  mining  enterprise. 
But  the  experiences  of  the  last  five-and- twenty  years  in  the  Tertiary 
Toloanio  districts  of  North  America  have  not  been  lost  upon  the 
numerous  able  men  who  have  been  employed  as  engineers  or 
surveyors  in  those  highly  metalliferous  regions.  The  late  John 
Arthur  Phillips  left  a  record  of  his  great  knowledge  and  experience 
in  his  excellent  treatise  on  Ore  Depotiti.  And  I  have  no  doubt  that 
many  here  are  more  or  less  acquainted  with  the  important  works  of 
the  French  tavant  Daubree,  whose  "  Etvdet  tyntMtiquet  de  Geoiogie 
expiritaentale,"  and  "  Lea  eattx  Muterraineg  aux  ipoque*  aneiennet" 
furnish  us  with  an  immense  amount  of  information  on  the  origin  of 
metalliferous  veins. 

Briefly,  it  may  be  said  that  the  nndergronnd  circulation  theory  is 
the  one  most  generally  adopted,  the  chief  difierence  of  opinion  being 
as  to  the  relative  importance  to  be  assigned  to  lateral  secretion 
and  to  ascension  respectively ;  or,  stated  in  simpler  terms,  whether 

■  Since  the  poblicalion  of  ^rtioos  of  the  addres>  in  the  local  papers,  Mr.  Thomai 
Collini,  of  Redruth,  boi  wntten  to  My,  "  he  coniiideiB  there  is  eridence  in  the 
Taviabick  diitrict  that  the  metalliferoua  deposits  containing  coppoi-ores  had  been 
fanned  in  the  Devonian  rmIu  hefora  the  depoiitiun  of  Che  main  mass  of  the  Carbon- 
iferous. The  large  capper-lodes  of  Marj  Tavy,  foi  instance,  are  in  DeTonian  lucLs, 
aad  cease  altof^thec  on  conacg  vAa  contiuit  with  the  black  schists  of  the  Carbon- 
Ueroiu."     It  ia  ■aggG«tedtiutttu&Duij^ia4n«UiU>^^ia>l>h^«  \nDr^oit. 
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the  Yein-material  comes  from  the  sides  or  from  below.  It  is  reason- 
able to  suppose  that  both  sources  may  have  contributed  to  the 
supply,  though  in  certain  cases  a  change  in  the  deposits,  accompany- 
ing a  change  in  the  country  rocks,  would  seem  rather  to  favour  the 
notion  of  lateral  secretion.  Thus  Mr.  Phillips  remarks,  with  regard 
to  the  Tavistock  district,  that  the  copper-ores  are  often  associated 
with  a  blue  clay-slate.  If  the  slate  becomes  deeper  in  colour,  iron- 
pyrites  alone  occurs ;  and  if  the  rock  becomes  quartzose,  even  the 
pyrites  disappear. 

Whilst  endeavouring  to  trace  the  source  of  the  ores  in  metal- 
liferous lodes  we  should  bear  in  mind  the  experiments  of  Sand- 
berger,  who  found  that  the  heavy  metals  occur  in  the  silicates  of 
the  crystalline  rocks  of  every  age.  Angite  and  the  magnesia- micas 
are  especially  rich,  and  the  lithia-micas  are  noted  as  being  stan- 
niferous. The  origin  of  tin-ores  is  probably  different  to  that  of  the 
sulphuretted  ores,  though  both  are  often  best  developed  at  the 
junction  of  igneous  and  sedimentary  masses.  This,  of  course,  is 
partly  accounted  for  by  greater  facilities  for  fissuring,  and  still  more 
by  an  increase  of  heat,  which  is  likely  to  promote  the  underground 
circulation,  and  above  all  to  increase  the  solvent  power  of  under- 
ground water. 

The  question  of  solution  has  always  been  a  difficult  one,  and  has 
inclined  some  people  to  adopt  the  notion  of  sublimation  of  the 
metallic  sulphides.  As  an  alternative  theory  we  have  had  the 
reduction  of  sulphates  by  organic  agency.  But  people  are  begin- 
ning to  think  that  both  these  agencies  may  be  dispensed  with,  and 
that,  under  peculiar  conditions  of  heat,  pressure,  and  dissolved  gases 
and  salts,  the  solvent  powers  of  water  may  be  largely  increased. 
Anyhow,  it  is  perfectly  certain  that  metallic  sulphides,  such  as 
cinnabar  and  pyrites,  are  being  deposited  from  hot  springs  along 
with  various  forms  of  silica,  both  in  California,  and  at  Steamboat 
Springs  in  the  State  of  Nevada.  We  may  well  believe  that  this 
latter  place,  of  which  an  account  was  given  in  the  Quarterly  Journal 
of  the  Geological  Society  as  long  ago  as  1864,  represents  with  a 
certain  amount  of  fidelity  the  conditions  which  prevailed  in  the 
upper  portions  of  the  metalliferous  lodes  of  Devon  and  Cornwall 
during  a  period,  not  of  maximum  activity,  but  when  a  considerable 
deposit  was  taking  place. 

The  solution  and  transport  of  tin-ores  are  capable  of  a  different 
explanation.  As  is  well  known  stanniferous  deposits  are  not  only 
very  local,  but  are  also  accompanied  by  a  peculiar  group  of  minerals, 
such  as  topaz,  schorl,  axinite,  and  fluor,  which  contain  a  notable 
quantity  of  either  Fluorine  or  Boron,  and  in  the  case  of  schorl  of 
both  these  elements.  Daubree  observed  that  this  is  the  case 
wherever  tin-ore  has  been  found,  and  he  suggested  that,  in  the 
first  instance,  tin  was  brought  up  from  what  he  calls  the  general 
reservoir  of  the  heavy  metals  as  a  fluoride.  The  interesting 
chemical  experiments  connected  with  this  ingenious  hypothesis  are 
detailed  in  his  great  work  on  ExpeT\meii\.V5\  Va^^^.  Ks:RRkX^i>5N?5^ 
to  these  views  stannic-fluoride  and   aXeaxci  N«wi\.^  ^^^wcc^Q»fe  ^'^ 
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other  at  a  moderately  high  temperature,  the  resalt  bein^  a  depcmit 
of  binoxide  of  tin  or  cassiterite.  The  liberated  hydroflaoric  acid, 
besides  helping  to  form  sooh  minerals  as  schorl  and  other  flno-silioates 
and  fluorides,  would  enter  into  the  general  ciroulation  of  the  rocks, 
and  thus  tend  to  facilitate  that  kaolinization  of  the  felspars  which 
has  produced  so  much  china-clay  on  the  south-west  side  of  Dart- 
moor, and  in  the  mass  of  the  Hensbarrow  granite. 

It  is  also  worth  noting  in  this  connection  that,  according  to 
I>r.  Le  Neve  Foster,  the  great  flat  lode  of  Cam  Brea,  near  Kedmth, 
is  in  the  main  a  band  of  altered  rock,  and  he  is  inclined  to  suspect 
that  half  the  tin-ore  in  Cornwall  is  obtained  from  tabular  masses  of 
altered  granite.  In  such  cases  there  is  no  regular  lode,  but  very  fine 
cracks  in  the  rock  have  evidently  given  access  to  stanniferous 
solutions,  which  have  deposited  oxide  of  tin  more  or  less  abundantly 
in  the  vicinity  of  such  cracks,  and  materially  changed  the  nature  of 
the  original  granite. 

The  phenomena  in  connection  with  these  impregnations  of  tin-ore 
appear  to  favour  Daubree's  views ;  but  such  points  are  to  be  com- 
mended to  the  notice  of  local  geologists,  who  alone  can  test  their 
suitability  to  explain  the  facts  which  come  before  them.  I  would 
merely  remark  that  too  much  stress  should  not  be  laid  on  such  cases 
as  those  of  deer's  antlers  having  been  found  partly  replaced  by 
cassiterite  in  the  old  river-gravels.  This  has  been  effected  at 
ordinary  temperatures,  most  probably  by  the  aid  of  alkaline  carbonates 
arising  from  the  atmospheric  decomposition  of  felspars,  and  proves 
that  the  most  insoluble  minerals  may  be  successfully  attacked  by 
agencies  now  or  lately  in  operation,  and  their  metallic  element  moved 
from  point  to  point,  but  only  in  very  small  quantities. 

It  is  to  be  feared  that  chemical  questions  such  as  these  possess  but 
little  interest  for  the  members  of  the  Association,  and  I  apologize  for 
having  introduced  them,  however  briefly,  before  a  general  audience. 
But  there  are  certain  conclusions  which  we  are  able  to  draw  with- 
out any  special  reference  to  chemistry.  In  the  great  metalliferous 
lodes  we  see  the  roots  of  old  mineral  springs  and  geysers,  which 
spouted  their  water  and  steam  into  the  air,  and  perhaps  covered  the 
surface  of  the  ground  with  siliceous  sinter.  That  was  a  time  when 
the  volcanic  forces  of  this  remarkable  region  were  on  the  wane,  and 
after  the  great  outpourings  of  lava  had  taken  )>lnce  upon  a  surface 
of  which  every  trace,  perhaps,  hew  been  swept  away.  How  long 
these  hydrothermal  agencies  continued  to  be  active  we  cannot  tell ; 
but  it  is  by  no  means  improbable  that  they  were  in  operation 
throughout  a  considerable  part  of  Mesozoic  time,  during  which 
period  the  spoils  of  this  western  land,  brought  down  by  the  ceaseless 
forces  of  denudation,  partly  found  their  way  into  the  eastern  sea, 
and  thus  helped  to  build  up  the  deposits  which  were  afterwards  to 
be  fashioned  into  the  Secondary  rocks  of  England. 
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I.— Chemical  and  Physical  Studies  in  the  Mktamorphism  of 
Rocks,  based  on  the  Thesis  written  fob  the  D.Sc.  Dkgkeb  in 
THE  University  of  London,  1888.  By  the  Rev.  A.  Irving, 
D.Sc.  Lond.,  Senior  Science  Master  at  Wellington  (College.  8vo. 
pp.  138.    Price  5s.     [August  16, 1889.] 

THE  word  "  Metamorphism  *'  as  applied  to  rocks,  in  consequence 
of  the  various  interpretations  to  which  it  has  been  subjected, 
is  no  doubt  of  great  service  to  slippery  disputants.  By  a  judicious 
use  of  the  term  some  writers  can  conjure  up  such  a  haze  as  most 
effectually  to  elude  the  pursuit  of  any  critic  who  reishly  endeavours 
to  run  them  down.  Dr.  Irving  wishes  to  put  an  end  to  this  state 
of  things  by  fixing  such  limitations  to  the  meaning  of  the  term  as 
would,  for  instance,  prevent  people  from  quoting  examples  of  an 
early  stage  of  *'  metamorphism "  from  such  rocks  as  the  Old  Red 
Sandstone  Conglomerates  of  Scotland.  In  this  thesis  *'  metamor- 
phism "  is  to  be  used  to  mean  only  changes  in  the  internal  structure 
of  rock-masses.  The  author,  however,  qualifies  this  by  subsequently 
stating  that  he  is  not  dealing  with  the  so-called  rocks  of  the  syste- 
niatist,  but  rather  with  principles.  Hence,  he  is  disposed  to  ignore 
the  restrictions  and  limitations  which  may  be  convenient  in  classify- 
ing rocks ;  and,  as  to  text-books,  they  appear  to  arouse  in  his  breast 
feelings  akin  to  those  of  the  Knight  of  La  Mancha  at  the  sight  of 
a  windmill. 

In  his  general  conclusion  as  to  the  diagenetic  origin  of  the  so- 
called  *'  Archaean "  rocks  we  are  disposed  to  concur,  although  it  is 
by  no  means  improbable  that  many  of  these  rocks  may  have  had 
a  very  different  and  much  later  origin.  But  it  is  by  no  means 
certain  that  the  arguments  and  peculiar  nomenclature  of  the  present 
work  will  be  found,  in  the  sequel,  to  have  strengthened  the  diage- 
netic as  opposed  to  the  metamorphic  theory.  No  doubt  those  who 
can  thoroughly  understand  the  book  may  derive  considerable  benefit 
from  its  perusaL  At  the  same  time,  the  chemical  speculations  of 
of  this  author,  as  to  the  earlier  stages  of  rock-genesis,  appear  by  no 
means  equal  in  quality  to  those  of  Sterry  Hunt,  though  this  perhaps 
may  be  regarded  as  a  matter  of  fancy,  and  other  readers  might 
arrive  at  a  different  conclusion.  There  is  a  considerable  parade  of 
chemical  knowledge  brought  to  bear  upon  these  points. 

The  plan  of  the  treatise  is  as  follows  : — 

Paramorphism,  or  Mineral  Change,  includes  Primary  Paramorphism 
or  Rock  Genesis,  and  Secondary  Paramorphism  resulting  from  the 
gradual  alteration  of  the  conditions  of  rock  environment  Metatrophy 
includes  changes  in  the  physical  character  of  the  rock-masses,  whilst 
there  is  no  essential  change  either  in  the  rock-mass  or  in  its  con- 
stituents. Metntaxis  is  a  change  of  order  of  the  constituents  of  the 
rock-mass  of  which  the  phenomena  of  slaty  cleavage  may  be  taken 
as  a  typical  instance,  llie  author  then  proceeds  to  deal  with  what 
he    calls    Byperpheric    Change,    of   which    the    dolomitization  of 
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limestones  may  be  taken  as  an  example.  There  is  a  eeotion  on 
Contaot  Metamorpbism,  wbiob,  together  with  fi^eneral  remarks  on 
Hetamorphism,  and  two  Appendices,  completes  the  work. 

Dr.  Irving  is  a  professed  disoiple  of  Credner,  and  has  made  finee 
use  of  bis  writings,  as  well  as  of  the  (German  literature  of  the  snbjeot 
generally,  nor  has  be  been  forgetful  of  the  writings  of  English 
petrograpbers  in  the  oonstrnction  of  bis  treatise.  In  addition  to 
this  be  combines  bis  own  considerable  experiences  as  a  geologist  in 
the  field  and  as  a  chemist  in  the  laboratory.  There  can  be  no  doubt, 
therefore,  that  much  interesting  and  valuable  matter  is  contained 
in  these  pages.  Moreover,  few  will  disagree  with  the  statement  in 
the  preface  that  the  truest  teaching  is  that  which  stimulates  the 
mind  to  active  thought,  not  that  which  saves  the  student  the  trouble 
of  seeking  by  loading  the  memory  with  second-hand  knowledge. 
All  this  is  excellent,  but  when  he  talks  about  a  tendency  to  fetter 
tlie  discussion  of  scientific  questions  by  a  spurious  orthodoxy,  Dr. 
Irving  is  again  tilting  at  a  windmilL  The  two  schools  which 
respectively  put  their  trust  in  diagenesis  and  epigenesis  enjoy  the 
most  perfect  freedom  of  discussion  at  the  Geological  Society,  and 
that  they  make  ample  use  of  it  any  one  who  is  in  the  habit  of 
attending  the  meetings  can  testify. 

II. — The  Gkolooy  of  London  and  of  Part  of  the  Thames 
Valley.  By  William  Whitakeb,  B.A.,  F.R.S.  Vol.  I. 
Descriptive  Geology,  pp.  xii.  666,  Folding  Table.  Price  6«. 
Vol.  II.  Appendices  (Well-sections,  eta),  pp.  iv.  352.  Price  5«. 
Geological  Survey  Memoir.     8vo.     (London,  1889.) 

NEVER  before  has  the  geology  of  any  tract  of  country  been 
described  in  such  detail.  We  say  this  advisedly,  bearing  in 
mind  other  publications  (the  result  of  private  or  of  official  enterprise), 
whose  object  has  been  to  describe  as  fully  as  possible  the  geology  of 
particular  areas.  There  is  good  reason  why  London  should  yield 
such  ample  information,  and  it  is  fortunate  in  having  so  enthusiastic 
and  so  careful  an  exponent  of  its  geological  record. 

In  the  country  around  London  there  have  been  more  numerous 
exposures  of  the  strata  than  elsewhere,  in  the  foundations  for  houses, 
not  to  mention  the  excavations  for  gravel,  clay,  and  chalk,  and  the 
railway-cuttings.  Moreover,  not  only  has  the  surface  structure  been 
revealed  in  so  many  places,  but  the  underground  geology  has  been 
proved  in  the  numerous  wells  and  borings,  several  of  the  latter 
being  very  deep,  and  furnishing  information  of  high  geological 
interest  Hence  no  other  part  of  the  world  could  have  contributed 
such  a  mass  of  geological  facts. 

To  begin  at  the  end  of  the  work,  we  may  mention  that  the  records 
of  well- sections  (given  in  Vol.  II.)  number  nearly  800 ;  and  in 
addition  there  are  notes  of  numerous  trial-holes  and  many  other 
spctions.  This  volume  in  itself  will  be  of  great  practical  value  to 
weil-sinkers  and  otber  eTvgm^T%\  AqxjX  xiQW\\X\«\3KcA\w^  the  mass  of 
information  be  baa  so  caxe^xAVj  «tTwci^^  w\\  XsJw^aSwii.^^  ^\^  ii^ 
authoritieii  indicated,  Uie  awWxot  ^XKVV  ^tv«^^  ^^x  ij^^^^— ^M^xas^  \^x 
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further  information  oonoeming  any  of  the  wells,  and  for  records  of 
any  new  sections. 

Tnming  now  to  the  first  Yolame,  we  may  note  that  the  whole  of 
Middlesex,  and  parts  of  Oxfordshire,  Bucks,  Herts,  Essex,  Berks, 
Surrey  and  Kent,  are  included  in  the  country  descrihed.  It  is  indeed 
the  tract  represented  on  Sheets  1,  2,  and  7  (and  northern  portions  of 
6  and  8)  of  the  Geological  Survey  Map.  So  far  as  regards  the  Chalk 
and  Eooene  strata  (the  description  of  which  occupies  about  one-half 
of  the  Yolume),  the  work  may  be  regarded  as,  in  great  measure, 
a  new  edition  of  Mr.  Whitaker's  Memoir  on  the  Oeology  of  the 
London  Basin  (Memoirs  Oeol.  Survey,  vol.  iv.),  although  some 
portions  of  the  area  described  in  that  Memoir  are  outside  the  limits 
assigned  to  the  work  before  us. 

The  parts  relating  to  the  Olacial  Drifts  and  newer  deposits,  filling 
the  second  half  of  the  volume,  are  for  the  most  part  new,  including 
as  they  do  the  description  of  the  beds  in  the  southern  portion 
of  Essex.  In  short,  about  two-thirds  of  the  entire  work  may  be 
oonsidered  as  new. 

A  reoord  of  facts,  valuable  enough  in  questions  of  practical  geology 
and  as  material  from  which  scientific  conclusions  may  be  drawn, 
cannot  of  course  furnish  matter  which  even  the  most  enthusiastic 
student  would  care  to  read  steadily  through.  Details,  however,  are 
printed  in  small  type,  while  general  remarks  on  the  more  important 
facts,  historical  reviews,  and  conclusions  are  printed  in  larger  type, 
These  latter  will  be  read  with  advantage  and  interest  The  author 
indeed  has  so  exhaustively  studied  the  literature  of  the  subject,  that 
the  reader,  unless  he  be  anxious  to  learn  in  more  detail  the  theoreti- 
cal views  of  other  workers,  need  scarcely  refer  to  the  previous 
literature,  for  Mr.  Whitaker  has  acknowledged  all  sources  of  infor- 
mation. It  need  hardly  be  said  that  the  author  takes  an  eminently 
practical  and  common-sense  view  on  debateable  subjects,  and  while 
Itis  remarks  are  written  in  a  judicial  spirit,  they  are  at  the  same 
time  cheery  and  not  seldom  humorous. 

Students  of  Mr.  Whitaker*s  writings  are  aware  that  the  author 
has  not  manifested  much  liking  for  purely  theoretical  or  speculative 
geology,  at  any  rate  he  has  hitherto  abstained  more  than  many 
men  with  much  less  experience  from  expressing  theoretical  views. 
But  now  we  are  glad  to  find  the  author,  in  dealing  with  the 
River  Drift,  makes  the  following  remarks  (p.  329)  :  "  If,  however, 
in  the  Historical  Review  of  the  subject,  objection  is  often  taken  to 
the  opinions  quoted,  and  my  own  view  is  sometimes  given  in  a  by 
no  means  undecided  manner,  let  it  not  be  put  down  to  the  absolute 
loss  of  former  modesty  (and  modesty  should  grow  with  knowledge) ; 
but  to  the  fact  that  one  is  bound,  in  the  present  case,  to  state  one's 
own  opinion,  derived  from  prolonged  study  of  the  beds,  and  to 
[avoid]  the  manifest  unfairness  of  continuing  to  shelter  oneself 
behind  other  observers;  albeit  the  shield  of  Professor  Prestwioh 
is  used  with  great  advantage."  No  one  has  had  the  experience 
poffsesaed  by  Mr.  Whitaker  in  the  area  \iQ  tlqtw  ^^%^>^^[^^^  wA.  '^iSsk 
will  be  glad  to  welcome  the  expression  oi  \i\a  o^\ii\wi%» 
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Special  interest  it  nsaally  conoentrmted  on  debaleable  Babjeeti, 
and  althoagb  certain  differences  of  opinion  are  maintained  on  the 
olas8i6cation  of  some  of  the  Eocene  divisions,  there  is  little  dispute 
about  the  position  of  the  beds ;  the  literature  of  London  geology  bsi 
increased  most  largely  by  the  discussion  of  the  Thames  Valley 
deposits  and  their  relation  to  the  Glacial  epoch.  More  recently  the 
subject  of  underground  geology  has  aroused. a  great  deal  of  attention, 
for  the  deeper  borings  have  proved  the  presenoe  of  rooks  not  prs- 
viously  suspected  to  occur  beneath  the  area. 

Special  interest  may  therefore  be  said  to  be  divided  between  the 
Underground  Geology  and  the  Pleistocene  Geology. 

The  former  is  becoming  more  and  more  a  practical  subject 
Speculations  on  the  behaviour  of  rooks,  especially  of  Palaaozoio 
rooks  beneath  thick  accumulations  of  Secondary  strata,  are  neces- 
sarily hazardous.  Were  the  whole  of  the  West  of  England  smothered 
up  with  Chalk  and  Loudon  Clay  (the  South  Wales  Coal-field  being 
exposed),  we  might  know  nothing  of  the  Bristol  Coal-field,  if  several 
deep  borings  had  proved  simply  Old  Red  Sandstone  in  some  places 
and  Silurian  rooks  in  others.  This  up  to  the  present  time  has  been 
practically  the  result  of  deep  borings  under  the  London  area. 

Mr.  Whitaker  gives  a  full  account  of  all  that  has  been  previouely 
written  on  the  plain  of  older  rooks  that  lies  under  London.  He  is 
careful  to  point  out  that  there  is  no  evidence  of  a  ridge  beneath  the 
area,  though  it  would  seem  there  may  be  something  of  the  sort 
northwards,  for  the  older  rocks  come  nearer  the  surface  at  Ware 
than  they  do  beneath  London  or  Harwich. 

On  the  subject  of  most  commercial  importance  he  concludes 
(p.  46)  "  that  Coal-Measures  are  likely  to  occur  somewhere  along 
the  line  of  the  Thames  Valley,  or  in  neighbouring  tracts;  and  that 
those  Coal- Measures  are  likely  to  yield  workable  coal.  It  is  rash  to 
attempt  to  foretell  the  future ;  but  it  seems  to  me  that  the  day  will 
come  when  coal  will  be  worked  in  the  South-eant  of  England,** 

The  new  boring  at  Streatham  has  given  further  particulars  of  the 
presence  of  the  Great  Oolite  Series  beneath  the  London  area,  end 
a  full  account  of  this  important  boring  is  now  for  the  first  time 
published. 

By  the  aid  of  the  many  borings,  Mr.  Whitaker  is  enabled  to  dis- 
cuss the  underground  range  of  the  Jurassic  and  Cretaceous  rocks, 
and  it  is  somewhat  remarkable  to  learn  that  there  is  no  certain 
record  of  Lower  Greensand  in  the  area,  though  it  must  underlie  the 
Gault  near  Kisborough.  From  the  Gault  there  is  a  gradual  passage 
through  the  Upper  Greensand  to  the  Chalk ;  and  this  is  an  interest- 
ing fact  when  we  remember  that  chalky  conditions  commenced  in 
Gault  times  at  Hunstanton. 

In  the  description  of  the  Cretaceous  beds,  the  author  acknowledges 
help  from  Mr.  Jukes-Browne,  and  some  modifications  are  made  in 
the  classification  of  the  zones  and  rock-beds  of  the  Chalk.  Thus  the 
Chalk  Bock  is  assigned  an  \wd«^«tvv\«w\.'^«\t\Qn  between  Middle  and 
Upper  Chalk;  the  zone  oi  BelemuUeUa  '|^eHav^%fc\!w^^«^\\a\ssL^^J«k 
JUeJbouru  Rock  and  v^^  'w'^^'^  ^^  \ja>«^T  ^Vt^N  Ht\s^  SiK«.\^>^^ 
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zone  of  the  Lower  Chalk  is  termed  the  zone  of  AmmoniteB  varians. 
Without  the  aid  of  these  rock-heds  but  little  progress  could  have 
been  made  in  mapping  the  several  divisions  of  the  Chalk,  for  fosHiIs 
in  this,  as  in  other  formations,  are  not  always  to  be  found  when 
most  wanted. 

The  London  Clay  has  not  furnished  mnoh  material  for  the  believer 
in  definite  zones,  for  the  fossils  are  alike  through  the  formation, 
although  some  species  are  more  abundant  at  certain  horizons.  Over 
large  areas  the  London  Clay  appears  to  be  practically  barren  of 
organic  remains,  indeed  Mr.  Wbitaker  mentions  that  he  spent  some 
days  in  examining  new  railway-cuttings  in  the  London  Clay  in 
Essex,  without  meeting  with  any  paleeontological  reward. 

In  dealing  with  the  Eocene  strata,  Mr.  Whitaker  speaks  of  the 
practical  importance  of  separating  deposits  that  can  be  mapped 
distinctly  even  if  there  are  no  great  palsBontological  distinctions  in 
their  fossils.  This  is  quite  right  if  we  wish  to  interpret  properly 
the  rocky  structure  of  a  country,  and  show  the  relations  of  the  strata 
to  the  form  of  the  ground.  The  general  remarks  on  the  Lower 
London  Tertiaries,  and  the  full  account  given  of  the  History  and 
Jiiterature  of  the  subject,  are  for  the  most  part  new.  Herein  the 
author  criticizes  recent  observations  and  views  of  Mr.  Starkie 
Gardner,  Mr.  G.  F.  Harris,  and  others. 

The  Drifts  that  irregularly  overlie  the  Bagshot  Beds  and  older 
strata  have  given  much  trouble  in  determining  their  respective  ages. 
But  the  process  of  minute  correlation,  which  to  some  minds  appears 
an  essential  basis  for  geological  happiness,  cannot  always  be  carried 
out ;  and  would  lead  to  much  unprofitable  anxiety  in  the  matter  of 
Drifts.  There  may  be  no  palaBontological  evidence,  litbological 
characters  may  be  of  no  avail,  and,  more  serious  still,  there  may  be 
no  stratigraphical  evidence.  Hence  we  can  well  understand  the 
reason  for  a  chapter  on  "  Deposits  of  Doubtful  Age."  In  some 
instances  where  outlying  patches  of  gravel  occur  on  London  Clay, 
it  is  impossible  to  determine  whether  or  not  they  are  of  Pliocene 
("pre-Glacial ")  age,  whether  they  are  Glacial  gravels  newer  or 
older  than  the  Boulder-clay,  or  whether  they  may  have  been 
derived  in  comparatively  recent  times  (during  the  denudation  of 
the  country)  from  any  one  of  these  accumulations,  or  from  the 
pebble-beds  of  Bagshot  age. 

The  broad  general  distinction  in  the  gravels  seems  to  be  this. 
The  pebble- beds  of  Eocene  age  are  almost  entirely  made  up  of  fiint. 
ITie  "  pre-Glacial  "  (and  possibly  Pliocene)  gravels  are  made  up  of 
flint  and  quartz  pebbles.  The  Glacial  gravels  contain  in  addition 
many  pebbles  of  quartzite,  and  sometimes  derived  Jurassic  fossils  : 
and  they  are  rudely  stratified  and  sometimes  contorted.  The  Kiver 
gravels  contain  all  ingredients  and  are  more  distinctly  stratified. 
But  in  Drift  deposits  there  are  many  exceptions  to  every  rule,  and 
much  of  the  Glacial  gravel  of  Finchley  is  indistinguishable  from  the 
presnmably  older  "  Pebbly  Gravel  "  of  the  Geological  Survey. 

The  Clay-with'^intg  is  also  one  of  l\\ft  «^cc\vbvv\^\xwa  ^\^'<s^hX'^ 
Age,  a  residue  left  during  many  ages  au^  ^oTXi\\xi%x^^^%^^'^'^'^'^?' 
deoompoBition  of  Chalk- with-flmta  b^  almo^^Vwtfi  ^^VK^^^A'^'^"^^ 
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the  flints  and  earthy  matter,  together  with  olayey  and  loamy  material 
washed  from  Tertiary  strata. 

The  author  makes  many  referenoes  to  the  terms  61aoial«  pott- 
Glacial  and  pre-Glaoial.  The  two  latter  terms  (as  he  says)  are 
inadniissible  into  schemes  of  dassiflcation  from  their  having  no 
definite  significance;  but  they  are  oonveniently  used  when  our 
knowledge  is  very  limited  that  is  to  say,  when  we  find  a  bed  that 
is  older  than  Boulder-clay,  and  which  cannot  be  definitely  proved  to 
be  Pliocene ;  or  when  we  find  a  bed  that  is  newer  than  Boulder-day, 
and  yet  not  definitely  Recent.  As  Mr.  Whitaker  remarks  (p.  328), 
"  Beds  which  are  truly  post-Glaoial  in  a  southern  district,  may  be  of 
the  same  age  as  others  which  are  clearly  Glacial  in  a  northern  one;" 
and  these  remarks  apply  to  the  Pleistocene  Thames  Valley  Deposits. 
We  are  glad  to  find  that  the  author  supports  the  view  of  the 
fluviatile  origin  of  the  lliames  Valley  gravels  and  brick-earths.  The 
organic  remains  indeed  clearly  support  this  contention.  The  diffi- 
culties raised  have  been  based  on  the  mode  of  occurrence  of  the 
deposits ;  but  it  must  be  borne  in  mind  that  the  greater  part  of  the 
gravel  is  simply  re-deposited  Glacial  gravel,  ready  made,  and  not 
]>erhap8,  transported  any  great  distances  by  the  river.  In  the 
course  of  the  accumulation  of  the  river-drifts,  the  river  has  deepened 
its  channel,  leaving  terraces  in  some  places  at  different  levels; 
but  there  is  no  marked  regularity  in  these  terraces  as  we  trace  the 
course  of  the  Thames  Valley  deposits  from  Maidenhead  to  London. 
Following  the  account  of  the  River  Drift,  we  have  a  chapter  on 
Alluvium,  etc.  We  should  have  preferred  to  divide  these  subjects 
into  Pleistocene  and  Recent  Alluvial  Deposits.  It  is  true  that,  in 
the  area  described,  the  Alluvium  is  distinguished  from  the  "  River 
Drifts  "  by  its  fineness  of  texture,  but  that  is  a  local  feature,  for  in 
tlie  higher  courses  of  the  Thames  and  its  tributaries  we  find  a  good 
deal  of  Recent  gravel;  and  Alluvium  itself  seems  entitled  to  be 
culled  "  River  Drift,"  as  much  as  the  brick-earth  and  gravel  of 
PleiRtocene  age.  Instructive  sections  are  given  of  the  Alluvium 
shown  in  making  the  Tilbury  Docks  and  in  other  places. 

Chapters  devoted  to  Physical  Geology  and  to  Economic  Geology, 
etc.,  complete  the  first  volume,  and  we  may  call  especial  attention  to 
the  remarks  on  Springs,  Wells,  and  Water-supply.  It  is  injpossible 
here  to  enumerate  all  the  matters  of  interest  discussed  in  the  volume, 
suffice  it  to  say  that  no  subject  seems  to  have  been  neglected.  The 
work  is  illustrated  by  many  sections  and  some  pictorial  views,  and 
with  figures  of  flint-implements.  Lists  of  fossils  are  also  given. 
A  small  coloured  index-map  would  have  been  useful,  but  we  ought 
not  to  make  the  slightest  complaint  when  we  have  such  a  wealth  of 
information  in  two  volumes,  bound  in  cloth,  for  a  total  cost  of  eleven 
shillings!  That  London  geology  excites  a  good  deal  of  scientific 
interest  apart  from  its  practical  bearings,  is  shown  by  the  large  sale 
of  Mr.  Whitaker's  Guide  to  the  Geology  of  London,  of  which  (we 
understand)  a  fifth  ed\\\oii  \\«a  yv«\.  ^vvcv^  to  ^ress^  and  this  is  an 

excellent  iutroducUon  lo  Oa^  ^xA^^^cX.  \x%»X^^^^Va^^  vKi.>^^-^0»ssvsiSA 

before  us. 
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II  r. — CosMio  Evolution,  bbiko  Speculations  on  the  Obigin  of 
OUR  Environment.  By  E.  A.  Kidsdale,  A.B.S.M.  12mo.  pp. 
130.     (Loudon,  fl.  K.  Lewis,  1889.) 

NOWADAYS  we  are  considerably  ahead  of  the  Hebrew  cosrao- 
gonist  in  the  means  for  speculating  on  the  origin  of  our 
environment ;  but  still  there  is  a  large  margin  of  the  apparently 
**  unknowable  "  left  for  future  philosophers  to  minimize  if  tbey  can. 
The  recently  established  doctrine  of  Evolution  favours  speculations 
in  this  quarter,  especially  in  the  minds  of  those  who  have  received 
their  scientific  training  since  this  doctrine  has  become  a  faith. 

The  Geological  Evolutionist  is  fortunate  in  being  confined  within 
certain  limits  both  as  regards  time  and  space.  But  it  is  far 
otherwise  with  the  Cosmic  Evolutionist,  who  finds  his  conceptions 
rendered  hazy  by  an  Eternity  which  had  no  beginning  and  can  have 
no  end,  and  by  a  Space  which  is  equally  without  limits.  No  wonder 
that  in  such  speculations  **  the  imagination  "  at  times  "  is  forced  to 
overstep  the  safe  boundary  of  reason  *'  (p.  103).  This  is  candid  on 
the  part  of  our  author,  whose  object  evidently  is  to  arrive  at  the 
truth,  so  far  as  that  is  attainable  by  the  finite  mind  of  man. 

It  is  not  for  us  to  review  the  "General  Aspect"  of  Cosmic 
Evolution  any  further  than  by  confessing  our  faith  in  the  grand  and 
philosophic  conception  of  La  Place  as  to  the  physical  history  of  the 
Solar  system.  The  author's  inference  also  seems  a  fair  one,  *'  that 
the  evolution  of  present  matter  from  the  fire- vapours  of  the  Solar 
system  was  analogous  to  the  evolution  of  the  fire- vapours  from  the 
universal  primordial  vapour  of  all  Space." 

But  we  must  now  leave  off  playing  at  "  high  jinks  "  in  the  starry 
firmament,  and  stick,  as  far  as  we  can,  to  our  own  planet.  The 
evolution  of  the  primordial  forms  of  matter  was  doubtless  attended 
with  a  gradual  loss  of  heat  (changed  perhaps  into  planetary  motion, 
since  Energy  cannot  be  lost),  increase  of  density  and  diminution  of 
chemical  activity.  If  this  principle  is  true,  there  will  seem  to  be 
an  almost  unbroken  connection  between  Inorganic  and  Organic 
Evolution.  Indeed,  it  might  almost  be  said  that  "  the  chemical 
evolution  proceeded  till  it  finally  induced  an  environment  wherein 
favourable  forms  were  matured  into  Life." 

What  this  chemical  evolution  is  supposed  to  have  been  we  are 
told  in  the  first  chapter,  which  may  be  regarded  as  a  sermon  preached 
upon  the  text  of  increase  of  chemical  stability,  or,  as  he  puts  it,  the 
"  survival  of  the  most  inert."  This  process  has  been  going  on  from 
the  earliest  geological  ages,  so  that  *'  things  must  have  been  more 
lively,  chemically  speaking,  in  the  Archeean  period  than  now ! " 
Moreover,  it  is  probable,  he  says,  that  the  bodies  we  call  elements 
are  merely  arrangements  of  matter  to  suit  the  present  environment, 
and  that  under  different  conditions  they  might  be  broken  up. 
Change,  then,  ceaseless  change,  was  the  order  of  things.  But  the 
rate  was  much  more  rapid  in  the  early  stages^  whiUt,  th\:ov\^  IW 

gradual  survival  of  the  more  inert  iorma,  \\.\i^i»xi\^  ^on^^t,    ^^v>56. 

when  this  state  of  physical  calm  was  ia\T\^  tmiJiv«^^  ^^  *^^  "^^"^^^ 
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acting  in  the  evolation  of  Living  Forms  were  first  able  to  oome 

into  play- 

Tha  Organic  Aspect  of  Evdulion, — ^The  Earth  being  now  fitted  for 
ity  a  new  and  original  foroe  oame  into  play;  one  different  in  its 
tendencies  and  unlike  in  its  action  to  any  of  the  previously-existing 
forces  of  Nature.  ''  I'his  foroe  was  Line*  fiver  since  its  first  manifes- 
tation, while  Inorganic  Evolution  has  proceeded  contemporaneoosly 
with  it  though  in  a  milder  and  more'  subdued  form,  its  power  and 
scope  of  working  has  steadily  increased." 

Pabeontology,  as  at  present  understood,  certainly  affords  no  record 
of  that  interesting  period  in  the  Earth's  history,  when  the  Organic 
was  evolved  out  of  the  Inorganic.  It  is  quite  in  accordance  with 
the  author's  general  views  that  such  an  evolution  did  take  plaoe^ 
although  he  scarcely  ventures  to  say  so.  He  considers,  likewise, 
that  this  gprowth  of  the  Organic  out  of  the  Inorganic  could  only  take 
place  at  one  stage  in  the  development  of  the  Earth,  and  that,  it'  such 
a  thing  were  possible  now,  a  serious  blow  would  be  struck  at  the 
doctrine  of  Evolution  generally. 

It  is  most  probable  that  the  origin  of  Life  will  remain  amongst 
the  things  unknowable :  all  that  Paleontology  can  do  is  to  trace 
the  evidence  backwards  as  far  as  practicable.  Li  this  connection 
some  might  be  disposed  to  disagree  with  the  author  as  to  the 
evidence  afforded  of  the  alleged  approximation  of  the  two  branches 
of  life — animal  and  vegetable.  Excluding  such  doubtful  forms  as 
Eozoon,  which  few  now  regard  as  having  any  connection  with  organic 
structure,  the  earliest  certain  forms  of  Life  in  the  Lower  Cambrian 
exhibit  a  considerable  amount  of  differentiation,  rendering  it  probable 
that  Life  had  become  a  factor  in  the  Earth's  history  for  a  considerable 
period  antecedent  to  this  epoch.  Hence  it  is  by  no  means  improbable 
that  far  more  primitive  forms  existed  which  may  have  shown  some- 
thing of  the  approximation  to  which  the  author  refers.  But  where 
are  their  remains  now  ?  Shall  we  seek  them  in  the  Monisn,  the 
Pebidian,  or  any  other  of  the  rival  systems,  which  appear  to  occupy 
the  ground  between  the  Cambrian  and  the  Archaean  ? 

Although  quite  dit^posed  to  agree  with  the  author  in  his  general 
contention,  there  are  some  other  statements  of  his  in  connection 
with  Palaeontology  which  seem  open  to  criticism.  He  says  (p.  48) 
that  in  early  times,  when  the  geological  forces  were  more  active, 
that  stock  had  a  tendency  to  survive  whose  members  varied  most 
In  a  certain  sense  this  may  be  so,  but  the  history  of  the  tetra- 
brancliiate  Cephalopoda  presents  us  with  an  instance  in  the  opposite 
direction.  The  steady-going  Nantilus,  though  bom  long  before  his 
cousin  the  ever-changing  Ammonite,  alone  survives.  In  fact,  the 
author  himself  (p.  51)  observes  that  a  family  succumbing  either  to 
slow  alteration  of  the  environment,  or  to  inter-racial  competition, 
always  varies  violently  during  the  process.  Indeed,  the  most  sluggish 
genera,  such  as  Lingula,  but  little  affected,  perhaps,  by  the  environ- 
ment, and  still  less  giNfen  \jo  \ii\«t-T^^\a»V  ^s^m^^tUion,  have  been 
much  the  same  t\ivougho\x\.  a\\  ^i^ciV^.  \\i ^w^  ^ ^»sfe ^^  '-^  ^\«xv^^^ 
of  the  most  inert"  ia  a^pWcaU^  X»  ^^^«^^  ^^^^  ^'^^^^^  ^x^n.^>8. 
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does  not  violate  the  still  higher  law,  "the  survival  of  the  fittest" ; 
it  only  serves  to  show  that,  under  certain  cirourostanoes,  even  in 
the  Organic  world,  the  roost  inert  may  be  the  fittest  to  survive. 

Whilst  admitting  that  no  force  or  forces,  exactly  similar  to  Life, 
are  known  in  Nature,  Mr.  Ridsdale  observes,  that  one  or  two  of 
them  are  not  so  *'  utterly  unlike  as  to  render  it  necessary  to  postulate 
a  supernatural  interference  with  the  course  of  Nature  to  account  for 
it8  occurrence."  Certainly,  a  logical  evolutionist  need  not  summon 
such  a  Deu8  ex  machina  as  Creation  to  account  for  any  phenomenon, 
even  the  admittedly  obscure  one  of  Life.  The  author  thinks  it  may 
be  possible  in  the  future  to  bring  yet  closer  the  analogies  between 
the  Organic  and  Inorganic  worlds,  though  up  to  the  present  time 
nothing  very  conclusive  has  been  pointed  out.  Perhaps  the  nearest 
parallel  is  that  force  which  determines  crystalline  structure.  A 
similar  idea,  it  will  be  remembered,  was  brought  forward  in  a  recent 
address  to  the  Geological  Society.  W.  H.  H. 


Nov.  6,  1889.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President,  in  the 
Chair. — llie  following  communications  were  read : — 

1.  ''Contributions  to  our  Knowledge  of  the  Dinosaurs  of  the 
Wealden  and  the  Sauropterygians  of  the  Purbeck  and  Oxford  Clay." 
By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  first  section  of  this  paper  was  devoted  to  the  description  of 
the  remains  of  Iguanodonts  from  the  Wadhurst  Clay  near  Hastings 
collected  by  Mr.  C.  Dawson.  They  were  considered  to  indicate  two 
species,  for  which  the  names  Iguanodon  hoUingtoniensis  and  J.  Fittoni 
had  been  proposed  in  a  preliminary  notice. 

In  the  second  section  an  imperfect  metatarsus  of  a  species  of 
Megalosaurus  from  the  Hastings  Wealden  was  described,  and  shown 
to  indicate  a  species  quite  distinct  from  the  one  to  which  a  metatarsus 
from  the  Wealden  of  Cuckfield  belonged.  Two  cervical  vertebras 
of  a  Sauropterygian  from  the  Purbeck  of  the  Isle  of  Portland  were 
next  described,  and  referred  to  CimoHosaurus  portlandicus,  Owen,  sp. 

The  concluding  section  described  an  imperfect  skeleton  of  a  large 
Pliosaur  from  the  Oxford  Clay,  in  the  collection  of  Mr.  A.  N.  Leeds, 
which  indicated  a  species  intermediate  between  the  typical  Eime- 
ridgian  forms  and  the  genus  PeUmeuaiea.  These  specimens  were 
considered  as  probably  referable  to  Fliosaurus  ferox.  Evidence  was 
adduced  to  show  that  Pltosaurus  Evansi,  Seeley,  should  be  trans- 
ferred to  Peloneusies. 

2.  "Notes  on  a  'Dumb  Fault'  or  'Wash-out'  found  in  the 
Pleasley  and  Teversall  Collieries,  Derbyshire."  By  J.  C.  B.  Hendy, 
Esq.     Communicated  by  the  President. 

The  "  Top  Hard  "  Seam  of  the  district  is  being  worked  in  these 
collieries  at  a  depth  of  500  yards,  where  it  has  an  average  thickness 
of  five  feet,  with  a  band  of  cannel  in  iVve  m\A^\fe,    \\i  N^c^a  ^^^\\x^*^ 
wae  found  that  the  coal  began  to  thiok^n,  \xii\W\\.\ift^»afiL^  ^wJi^^'^'!^ 
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usual  8126,  tbe  cannel  also  increasing  in  tbe  "Top  Seam,**  but  in  the 
Lower  Seam  running  out  altogether. 

This  double  thickness  of  coal  oontinoed  till  the  **  Wasb-out  ^  was 
reached,  when  both  coal  and  sbaly  roof  disappeared,  the  space  bein^; 
replaced  by  sandstone  similar  to  that  of  tbe  beds  overlying  the  shale. 
The  clay  floor  of  the  Lower  Seam  bad  not  been  much  interfered 
with,  and  this  was  followed  for  sixty  yards,  when  the  doubly  thick 
seam  was  again  met  with,  and  on  being  followed  gradually  assumed 
its  normal  thickness. 

No  fossils  have  been  noted  in  the  "  Wash-out "  itself,  the  vertical 
extension  of  which  is  unknown. 

3.  **  On  some  Palaeozoio  Ostraoods  from  Nortb  America,  Wales, 
and  Ireland."     By  Prof.  T.  Rupert  Jones,  F.B.S.,  F.O.S. 

The  chief  materials  referred  to  were : — 

1.  Some  good  specimens  of  North-American  Ostraooda  from  tbe 
Lower  Helderbeig  and  Cincinnati  Groups  in  the  British  Museum, 
and  the  author's  coUeotion  ;  these  have  given  occasion  for  a  critical 
revision  and  careful  illustration  of  several  forms. 

2.  In  the  'Palaeontology  of  New  York,'  vol.  iii.  1859,  several  of 
tbe  Palseozoic  Oatracoda  of  New  York  State  were  described  but  not 
figured.  Copies  of  some  of  the  original  drawings  have  beea 
courteously  supplied,  with  Dr.  James  Hairs  permission,  by  Mr.  J. 
M.  Clarke,  of  Albany.  They  enlarge  our  knowledge  of  the  Lower 
Uelderberg  fauna. 

3.  A  large  collection  of  Palseozoic  Ostraorda,  collected  in  the  Lake 
Champlain  district  and  elsewhere,  sent  by  Prof.  K.  P.  Whitfield,  of 
New  York,  for  examination  by  the  author. 

4.  Other  specimens  belonging  to  the  Utica  Slate  Series  from 
Ontario,  presented  to  the  author  by  Dr  John  Young. 

5.  An  interesting  series  of  Lower  Silurian  (Ordovician  s])ecie8 
from  near  Welshpool,  comprising  a  characteristic  Cincinnati  si)ecie8, 
sent  by  Mr.  J.  Bickerton  Morgan. 

6.  A  rare  Palaeozoic  Cytheroid  Ostracod  from  Kildare,  collected 
by  Mr.  Joseph  Wright.  F.G.S. 

The  specimens  were  described  as  nearly  as  possible  in  the  order 
of  their  natural  relationships  and  thus,  besides  adding  to  the  known 
forms,  they  were  shown  to  illustrate  the  modifications  exhibited  by 
the  genera  and  species  of  these  minute  bivalved  Crustaceans,  both  in 
limited  districts  and  in  different  regions. 

Amongst  the  forms  described  were  the  following  new  species  and 
variety : — Primitta  mundiilay  Jones,  var.  camhrtca,  no  v. ;  P.  humiliorf 
sp.  nov. ;  P.  Morgani,  sp.  nov. ;  P.  Ulrichi,  sp.  nov. ;  P.  Whitfieldi, 
sp.  nov. ;  Entomia  rhomboidea,  sp.  nov. ;  Strepula  ngmoidalis,  sp. 
nov. ;  Beyrichia  HalUi,  sp.  nov. ;  Isochilina  lineaia,  sp.  nov. ;  I.  ? 
fahacea^  sp.  nov. ;  Leperditia  Claypolei,  sp.  nov. ;  Xeaioleberis 
Wrightii,  sp.  nov. 

TnB  Rev.  E.  Titmacs  VJoovi^. — ^^  t^^gc^it  to  record  the  death  of 
this  well-known  AualTaWaix  Ofto\o^\%X.,  viXa^Scl  osiw^Tt^^  vi.v  ^-s^^^^-^. 
New  South  Wales,  on  Wie  ^Oo.  OcVo^t>  V^'^^- 
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